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ABSTRACT 
 

The Impact of Implementing a Standardized Pharmaceutical Interview at 
Hospital Admission on Continuity of Pharmaceutical Care 
 

Medication errors and adverse drug events are well-known problems in the 

healthcare system. Medication reconciliation at the points of transition in care has 

been recommended to reduce these medication discrepancies during 

hospitalization and after discharge. The objective of this study was to determine 

the impact of implementing a standardized pharmaceutical interview at hospital 

admission on continuity of pharmaceutical care. A case-control study was 

conducted in patients who were admitted to the University Medical Center Utrecht 

during the study period of 2012-2015. The study population was divided into two 

populations: (1) cases that received a standardized pharmaceutical interview 

(2014-2015; intervention population) and (2) controls that did not receive a 

standardized pharmaceutical interview (2012-2013; control population). The 

study outcomes were continuation, switch, and discontinuation of medications. 

Data analysis was performed using binary logistic regression, expressed as odds 

ratios (ORs) with 95% confidence intervals (CIs). A total of 16,493 patients were 

included in this study, of which 8,474 were in the intervention population and 

8,019 in the control population. After admission to the hospital, 17.3% continued 

all medications, of which 21.2% were in the intervention population and 13.2% in 

the control population. 2.7% continued all medications, but switched at least one, 

of which 2.9% were in the intervention population and 2.6% in the control 

population. 80.0% discontinued at least one medication, of which 75.9% were in 

the intervention population and 84.2% in the control population. The odds of 

switching or discontinuing a medication in the intervention population were 32% 

(adjusted OR, 0.68; 95% CI, 0.56-0.83) and 44% (adjusted OR, 0.56; 95% CI, 

0.52-0.61) lower than the odds of continuing all medications, respectively, when 

compared with the control population, after adjusting for gender, age, and 

department of admission. In conclusion, a medication reconciliation intervention 

consisting of a standardized pharmaceutical interview is associated with lower 

odds of medication discrepancies at hospital admission.  
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ÁGRIP 
 

Áhrif innleiðingar staðlaðs lyfjafræðilegs viðtals í upphafi sjúkrahúsvistar 
á samfelldni lyfjanotkunar 
 
Lyfjamistök og óæskileg lyfjaáhrif eru vel þekkt vandamál í heilbrigðiskerfinu. 

Afstemming lyfjameðferðar hefur verið ráðlögð til að draga úr mistökum við 

lyfjagjöf meðan á sjúkrahúsvist stendur og eftir útskrift. Markmið þessarar 

rannsóknar var að ákvarða áhrif innleiðingar staðlaðs lyfjafræðilegs viðtals í 

upphafi sjúkrahúsvistar á samfelldni lyfjanotkunar. Tilfella-viðmiðarannsókn var 

framkvæmd á sjúklingum sem lagðir voru inn á háskólasjúkrahúsið í Utrecht á 

tímabilinu 2012-2015. Rannsóknarþýðinu var skipt í tvennt: Annars vegar 

tilfellahóp sem fékk staðlað lyfjafræðilegt viðtal (2014-2015) og hins vegar 

viðmiðunarhóp sem ekki fékk slíkt viðtal (2012-2013). Útkomur rannsóknarinnar 

voru áframhald, skipti og stöðvun á lyfjum eftir innlögn. Tvíkosta aðhvarfsgreining 

var notuð til að reikna út líkindahlutfall (odds ratio, OR) fyrir samfelldni 

lyfjanotkunar með 95% öryggismörkum (confidence interval, CI). Rannsóknin 

náði til 16.493 sjúklinga, þar af voru 8.474 í tilfellahópi og 8.019 í viðmiðunarhópi. 

17,3% héldu áfram öllum lyfjum eftir innlögn, þar af 21,2% í tilfellahópi og 13,2% 

í viðmiðunarhópi. 2,7% héldu áfram öllum lyfjum, en skiptu að minnsta kosti einu, 

þar af 2,9% í tilfellahópi og 2,6% í viðmiðunarhópi. 80,0% hættu töku að minnsta 

kosti eins lyfs, þar af 75,9% í tilfellahópi og 84,2% í vimiðunarhópi. Eftir að hafa 

leiðrétt fyrir kyni, aldri og innlagnardeild voru líkur á skiptum og stöðvun lyfja í 

tilfellahópi 32% (leiðrétt OR 0,68; 95% CI 0,56-0,83) og 44% (leiðrétt OR 0,56; 

95% CI 0,52-0,61) lægri en líkur á að halda öllum lyfjum áfram, samanborið við 

viðmiðunarhóp. Niðurstaðan er því sú að afstemming lyfjameðferðar með 

stöðluðu lyfjafræðilegu viðtali minnki líkur á lyfjamisræmi við innlögn á sjúkrahús. 
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1 INTRODUCTION 
 

1.1 Clinical Pharmacy 
Clinical pharmacy first emerged as a hospital-based practice in the mid-1960s 

(Hepler & Strand, 1990). The American College of Clinical Pharmacy (ACCP) 

defines clinical pharmacy as “the area of pharmacy concerned with the science 

and practice of rational medication use”. Clinical pharmacy, however, not only 

accounts for science, but also for ethical, social, legal, and economic principles 

(American College of Clinical Pharmacy, 2008). 

 

1.1.1 Pharmaceutical Care 
Clinical pharmacy has since evolved into a service known as pharmaceutical care 

(Hawksworth & Chrystyn, 1998). Clinical pharmacy and pharmaceutical care are 

closely related, and the former is fundamental to the delivery of the latter (Hepler, 

2004). The term ‘pharmaceutical care’ was first defined in 1990 by Hepler and 

Strand: “Pharmaceutical care is the responsible provision of drug therapy for the 

purpose of achieving definite outcomes that improve a patient’s quality of life 

(Hepler & Strand, 1990)”. This is the most generally accepted definition, and it 

has been used practically unchanged ever since (Tumkur, Muragundi, Shetty, & 

Naik, 2012). 

 

Pharmaceutical care is essential in the healthcare system, where the therapeutic 

use of medications is emphasized to promote health and prevent diseases within 

realistic economic expenditure targets (Hepler, 2004). Pharmaceutical care is 

considered to be a patient-focused service based on a relationship between 

patients and healthcare providers, and multiple studies indicate that 

pharmaceutical care contributes to improved efficacy and positive clinical 

outcomes (Al-Quteimat & Amer, 2016; Hepler & Strand, 1990). 

 

1.2 Continuity of Care 
Continuity of care is essential to ensure the continuity of pharmaceutical care. 

Several definitions of the term ‘continuity of care’ have been proposed, key 
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among them being the care of an individual patient, and care delivered over time. 

Both must be present for continuity to exist, but their presence alone is insufficient 

to constitute continuity (Gulliford, Naithani, & Morgan, 2006; Haggerty et al., 

2003). Continuity of care represents a longitudinal relationship between patients 

and healthcare providers (Saultz, 2003). Three types of continuity have been 

defined: informational, management, and relational (Figure 1) (Haggerty et al., 

2003). Informational continuity refers to healthcare providers’ access to patients’ 

complete medical histories. Management continuity refers to the connection 

between the care received from different providers. Relational continuity refers to 

the ongoing relationship between patients and healthcare providers. The 

importance of each type depends on the setting and type of care, but all 

contribute to the provision of adequate care (Haggerty et al., 2003; Reid, 

Haggerty, & McKendry, 2002; Saultz, 2003). 

 

 
 
Figure 1. Continuity of care. The three types of continuity that have been defined: informational, 
management, and relational. 
 

Continuity of care is essential in the healthcare system when making the 

transition from one setting to another (Stuffken & Egberts, 2004). It has been 

associated with improved clinical outcomes, increased patient and doctor 

satisfaction, decreased hospitalizations, better patient adherence, and lower 

healthcare utilization and costs (Shin et al., 2014; Stokes et al., 2005). 

Continuity of care Management

Informational

Relational
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1.2.1 Challenges of Continuity of Care 
The healthcare system has undergone drastic changes over the past few 

decades. Despite increasing knowledge, the accomplishment of continuity of care 

presents a challenge due to rapid technological advances, high specialization, 

new treatments, and transitions in care from inpatient to outpatient settings (Aller 

et al., 2013). Meeting certain standards of care within a minimum amount of time 

while running a 24-hour service can be challenging (Cook, Render, & Woods, 

2000). In the past, doctors were responsible for each type of continuity. 

Management and relational continuity were presumed to exist due to personal 

doctoring, and informational continuity was achieved through the memory of 

doctors and paper medical records. Today, however, the number of single-

handed practitioners has decreased and patient care is divided between various 

specialists to create a more efficient healthcare system (Guthrie, Saultz, 

Freeman, & Haggerty, 2008; J. S. McCormick, 1976). Relational continuity has 

been challenged by these organizational changes and advances in technology. 

Informational continuity is frequently a problem, as hospitals rarely have a 

complete overview of patients’ medication histories. This applies equally to 

hospital admission, where patients receive medications from general 

practitioners, as well as different specialists, as to discharge, where treatment is 

provided by different prescribers. Management continuity is a lesser problem on 

account of computerized physician order entry (CPOE) systems, and because 

specialists generally communicate well with each other (Guthrie & Wyke, 2000; 

Kristjansson et al., 2013). 

 

There has been an ongoing debate regarding the impact of a more efficient and 

more technical, but less intimate, healthcare system. The division of labor and 

increased mobility within societies has diminished the opportunities for personal 

contact (J. McCormick, 1996; J. S. McCormick, 1976; Saultz, 2003). Studies 

show that gaps in care may occur when patients are treated by numerous 

different healthcare providers in various settings. Patients and providers are not 

always aware of each other, making comprehensive patient care overviews and 

the coordination of care challenging (Aller et al., 2013; Medina-Mirapeix et al., 
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2013). Other factors that contribute to the discontinuity of care are poor 

communication and the incomplete transfer of information. Moreover, language 

barriers, low health literacy, and cultural differences can exacerbate the problem 

(Naylor & Keating, 2008). 

 

1.3 Medication Errors 
Errors involving medications are a leading cause of patient harm in the healthcare 

system (de Andres-Lazaro et al., 2015). Medication errors in hospitalized patients 

have been a source of concern for decades and are associated with the 

discontinuity of care (Moore, Wisnivesky, Williams, & McGinn, 2003; Velo & 

Minuz, 2009). 

 

1.3.1 Causes of Medication Errors 
Medication errors are frequent, occurring in up to 70% of patients, generally 

because of inaccurate or insufficient communication as responsibility shifts from 

one healthcare provider to another. These errors commonly occur at the points 

of transition in care, such as admission and discharge from a hospital, or changes 

in setting within a hospital (Bell et al., 2011; Mueller, Sponsler, Kripalani, & 

Schnipper, 2012; Shiu et al., 2016). It is important to understand medication 

errors in order devise appropriate preventive strategies. Poor handwriting and the 

use of abbreviations can lead to misinterpretation by healthcare providers, while 

stressful working environments, inadequate staffing, and a lack of knowledge can 

contribute to inappropriate medication use (Velo & Minuz, 2009). 

 

Many medication discrepancies derive from an incomplete medication history 

(van Sluisveld, Zegers, Natsch, & Wollersheim, 2012). Patients, for example, are 

often not able to report their medication history accurately (FitzGerald, 2009). 

Achieving an accurate medication history is essential in a situation where errors 

can cause drug interactions, therapeutic duplications, and other unintended 

adverse events, and pharmacists therefore play a significant role in preventing 

medication errors (American Society of Hospital Pharmacists, 1993; Cornish et 

al., 2005). In principle, medication errors involve a failure to carry out one or more 
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of the “five rights” of medication use: the right patient, the right drug, the right 

dose, the right route, and the right time (Grissinger, 2010). In addition, errors in 

medication history can be classified into four groups: omission errors, 

commission errors, frequency errors, and dosing errors (FitzGerald, 2009). An 

omission error is defined when a medication is inappropriately continued or not 

started. A commission error is defined when a medication that a patient has 

discontinued is inadvertently restarted. A frequency error is defined when a 

medication is administered less or more frequently than intended. A dosing error 

is defined when a medication dose is administered above or below the dose 

intended (Lo, Kwan, Fernandes, & Shojania, 2013). Studies have shown that 

omission errors are the most prevalent medication errors, followed by dosing 

errors (Hellstrom, Bondesson, Hoglund, & Eriksson, 2012). 

 

1.4 Adverse Drug Events 
Medications are a leading cause of adverse events in hospitalized patients. An 

adverse drug event (ADE) is defined as an injury resulting from a medical 

intervention related to a drug – comprising medication errors, adverse drug 

reactions (ADRs), overdoses, and allergic reactions (Bates, Boyle, Vander Vliet, 

Schneider, & Leape, 1995). An ADE can occur anywhere between drug 

prescribing, dispensing, administrating, and monitoring (Morimoto, Gandhi, 

Seger, Hsieh, & Bates, 2004). 

 

1.4.1 Classification of Adverse Drug Events 
ADEs can be classified as preventable or non-preventable. A preventable ADE 

is a preventable injury that results from a medication error: for example, an 

allergic reaction in a patient previously known to be allergic to that medication. A 

non-preventable error, also known as an ADR, is a non-preventable injury, where 

medications are used correctly and no mistake is present: for example, an allergic 

reaction in a patient not previously known to be allergic to that medication. A 

potential ADE is a medication error that has the capacity to cause an injury. 

Potential ADEs can be further categorized as intercepted or non-intercepted. An 

intercepted potential ADE is an error that is corrected before it reaches the 
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patient: for example, a prescribed overdose of a medication that is detected and 

corrected by a pharmacist before reaching the patient. A non-intercepted 

potential ADE is an error that reaches the patient, but does not cause any harm: 

for example, an overdose of a medication that is administered without the patient 

experiencing any ill effects (Kaushal et al., 2001; Leonard, 2010; Morimoto et al., 

2004). A medication error must be distinguished from an ADE. An ADE results in 

harm to the patient, but not all ADEs are caused by medication errors. 

Furthermore, not all medication errors lead to ADEs. Only a small minority of 

medication errors cause an ADE or a potential ADE, and while all potential ADEs 

are medication errors, only a minority of ADEs are associated with medication 

errors (Bates et al., 1995; Leonard, 2010) (Figure 2 and Figure 3). 

 
 

 
 
Figure 2. The relationship between adverse drug events (ADEs), potential ADEs, medication 
errors, and patient harm. ADEs can be classified as preventable or non-preventable, and 
potential ADEs as intercepted or non-intercepted. Preventable ADEs, intercepted potential 
ADEs, and non-intercepted potential ADEs are all medication errors. ADEs result in patient 
harm, contrary to potential ADEs (Leonard, 2010). 
 

Harm to
patient

ADE

Non-preventable ADE

Potential ADE

Medication error

Preventable ADE

Intercepted ADE

Non-intercepted ADE
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Figure 3. The relationship between medication errors, adverse drug events (ADEs), and 
potential ADEs. Only a small minority of medication errors cause an ADE or a potential ADE, 
and while all potential ADEs are medication errors, only a minority of ADEs are associated with 
medication errors. ADEs can be classified as preventable or non-preventable. A preventable 
ADE is a preventable injury that results from a medication error. A non-preventable error, also 
known as an adverse drug reaction (ADR), is a non-preventable injury where medications are 
used correctly and no mistake is present (Morimoto et al., 2004). 
 

1.5 Medication Reconciliation 
Medication errors and ADEs are well-known problems in the healthcare system. 

Medication reconciliation at the points of transition in care has been 

recommended to reduce these medication discrepancies during hospitalization 

and after discharge (Shiu et al., 2016). Medication reconciliation is a systematic 

strategy to optimize pharmaceutical care and reduce unintended medication 

discrepancies related to transitions in care. The goal is to provide appropriate 

medications to hospitalized patients by identifying and correcting medication-

related problems. Medication reconciliation occurs in three steps: verification, 

where patient’s medication history is collected, clarification, where appropriate 

medications and doses are provided, and reconciliation, where changes in the 

orders are documented (Barnsteiner, 2008; Sanchez, Sethi, Santos, & Boockvar, 

2014).  
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1.5.1 Medication History 
Acquiring the correct medication history is the basis for effective medication 

reconciliation. Medication reconciliation is the formal process of creating an 

accurate list of the patient’s current medications, including drug name, dosage, 

frequency, and route, along with information, such as adherence to therapy, 

previous adverse effects, and hypersensitivity reactions, and comparing it to the 

physician’s admission, transfer, and discharge orders. In layman’s terms, 

medication reconciliation is the process of matching the medications a patient 

should be prescribed with those that are, in fact, prescribed (FitzGerald, 2009; 

Meguerditchian, Krotneva, Reidel, Huang, & Tamblyn, 2013; Sanchez et al., 

2014). Studies have shown that achieving the correct medication list improves 

outcomes, averts crises and readmissions, and simplifies hospital workflow. 

Furthermore, it has the potential to reduce medication errors, drug-drug 

interactions, adverse effects, and healthcare costs (Rose, Fischer, & Paasche-

Orlow, 2017). A comprehensive list of all recently and currently prescribed 

medications should include prescription medications, over-the-counter drugs, 

vitamins, herbals, nutritional supplements, vaccines, radioactive medications, 

diagnostic and contrast agents, blood derivatives, parenteral nutrition, and 

intravenous solutions (FitzGerald, 2009). 

 

Achieving the correct medication history can be difficult, for example in elderly 

patients with impaired cognitive function, and emergency admissions of patients 

in unstable conditions. Therefore, the presumed current medication history must 

often be amalgamated by using a combination of different sources. There are 

several sources of information that can be used for medication reconciliation, 

such as medical records, drug records, information provided by patients or their 

family members, written instructions, and medication packages. The selection of 

a source depends on the accessibility and time available. These sources of 

information are often incomplete and sometimes contradictory, making 

medication reconciliation challenging (Frei, Huber, Simon, Bonani, & Luscher, 

2009; Karapinar-Carkit et al., 2009). 
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1.6 Current State of Research 
Studies have shown that incomplete medication reconciliation accounts for nearly 

half of all medication errors, and up to 20% of ADEs in hospitals (Karapinar-Carkit 

et al., 2009). The majority of medication reconciliation interventions have focused 

on preventing medication errors at hospital admission or discharge (Mueller et 

al., 2012). Boockvar et al. measured the impact of medication reconciliation at 

the time of hospital admission on ADEs from admission medication changes, and 

established a 43% odds ratio reduction in ADEs caused by admission prescribing 

changes classified as errors (adjusted odds ratio [AOR], 0.57; 95% confidence 

interval [CI], 0.33-0.98) (Boockvar et al., 2011). Schnipper et al. measured the 

effect of an information technology-based medication reconciliation intervention 

on unintentional discrepancies between preadmission medications and 

admission or discharge medications with the potential for harm, and established 

a 28% relative risk (RR) reduction in unintentional medication discrepancies with 

the potential for harm (potential ADEs) (adjusted relative risk [ARR], 0.72; 95% 

CI, 0.52-0.99) (Schnipper et al., 2009). A systematic review of 26 hospital-based 

medication reconciliation studies revealed that even if pharmacist-related 

interventions could successfully decrease medication discrepancies, there are 

insufficient data to draw firm conclusions regarding which approach to inpatient 

medication reconciliation is the most effective (Mueller et al., 2012). A systematic 

review from 2013 supported this conclusion (Kwan*, Lo*, Sampson, & Shojania, 

2013). 

 

Despite the growing knowledge in this field, many challenges are still associated 

with the implementation of an effective medication reconciliation program 

(Barnsteiner, 2008). Supporting evidence of patient benefits is still limited, so 

further research is needed to determine the definite impact of hospital-based 

medication reconciliation programs (Mueller et al., 2012; Rose et al., 2017; van 

Sluisveld et al., 2012). 
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2 OBJECTIVES 
 

The objective of this study was to determine the impact of implementing a 

standardized pharmaceutical interview for patients admitted to the University 

Medical Center Utrecht (UMCU) on continuity of pharmaceutical care. This was 

accomplished by linking the Utrecht Patient Oriented Database (UPOD) to the 

Zilveren Kruis Achmea (ZKA) database to get a complete overview of primary 

and secondary healthcare use of patients treated at the UMCU, including 

inpatient and outpatient medication use. The study population was divided into 

two populations: (1) patients that received a standardized pharmaceutical 

interview and (2) patients that did not receive a standardized pharmaceutical 

interview, and a comparison of medication continuation, switch and 

discontinuation after admission was made in each population.  

 

2.1 Specific Objective 
The objective of this study was to answer the following research question: Does 

medication switch and discontinuation decrease when a medication reconciliation 

intervention consisting of a standardized pharmaceutical interview is 

implemented at hospital admission? 
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3 METHODS 
 

3.1 Setting 
This study was performed in the University Medical Center Utrecht (UMCU), a 

1042-bed hospital located in the center of the Netherlands. All healthcare related 

data of patients treated at the UMCU are available in the Utrecht Patient Oriented 

Database (UPOD), where they are electronically registered and anonymized (ten 

Berg et al., 2007; van Dijk et al., 2016). The UPOD comprises data on patient 

characteristics, laboratory test results, medical procedures, medication orders, 

and hospital discharge diagnoses. Patient characteristics data consist of gender 

and dates of birth, death, hospitalization and discharge. Medication records 

contain information on the prescriber, start and stop date, duration, amount 

administered, dosage regimen, and route of administration (ten Berg et al., 2007). 

Everyone living in the Netherlands is required to have Dutch health insurance. 

Around 35% of all patients treated at the UMCU are insured at Zilveren Kruis 

Achmea (ZKA), one of the largest health insurance companies in the 

Netherlands. The ZKA healthcare database allows for assessment of outpatient 

medication use, and includes information on gender, birth date, medication 

dispensed, and date of dispensing (Abdullah-Koolmees et al., 2015; van de Ven 

& Schut, 2008). 

 

3.1.1 Database Linking 
A certified trusted third party (TTP) facilitated interactions between the hospital 

and the insurance company to ensure patient confidentiality. The UPOD and the 

ZKA database were encrypted and linked together through the citizen’s service 

number (CSN), a number that uniquely identifies Dutch citizens. This resulted in 

a database in which individual patients could not be identified (Figure 4). Through 

this linkage, a complete overview of primary and secondary healthcare use of 

patients was available, including inpatient and outpatient medication use. 

 

 

 



 12 

 

 
Figure 4. Database linking. The Utrecht Patient Oriented Database (UPOD) and the Zilveren 
Kruis Achmea (ZKA) database were encrypted and linked together through the citizen’s service 
number (CSN), a number that uniquely identifies Dutch citizens. This resulted in an encrypted 
database in which individual patients could not be identified. 
 

3.2 Design and Study Population 
A case-control study was conducted in patients who were admitted to the UMCU 

during the study period of 2012-2015. The study population was divided into two 

populations: (1) cases that received a standardized pharmaceutical interview 

(2014-2015; intervention population) and (2) controls that did not receive a 

standardized pharmaceutical interview (2012-2013; control population). Patients 

hospitalized for two days or longer were eligible for participation in the study. For 

patients with more than one hospitalization, the first hospitalization was included 

and considered as index hospitalization during the study period. Patients 

admitted to intensive care facilities, healthy mothers admitted due to labor, and 

neonates were excluded as they do not receive a standardized pharmaceutical 

interview. Patients that could not be linked with the ZKA database were excluded. 

Departments that were only present in one of the two populations were excluded. 

All medications were coded according to the World Health Organization (WHO) 

Anatomical Therapeutic Chemical (ATC) classification system. 

 

3.2.1 Medication Reconciliation at the University Medical Center Utrecht 
Since 2013, medication reconciliation has been implemented in patients admitted 

to the UMCU for at least 48 hours, excluding patients admitted to intensive care 

facilities, healthy mothers admitted due to labor, and neonates. On admission, a 

trained professional interviews patients using a standardized questionnaire to 

UPOD

ZKA

Encrypted databaseCSN
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gather information on medication history. This questionnaire is fully integrated in 

the hospital’s CPOE system so that all medication recommendations are visible 

to the prescribing physician. Additionally, information on the medication history is 

collected from community pharmacies to create a complete and up-to-date list of 

patients’ current medications, as each patient generally has a single community 

pharmacy responsible for its medications. At discharge, patients receive a printed 

copy of the discharge medication overview as well as a copy intended for their 

general practitioner. The hospital’s computer system is not yet integrated 

electronically with the outpatient pharmacies, so information on medications at 

discharge is sent by fax to patients’ pharmacies (Abdullah-Koolmees et al., 2015; 

van Dijk et al., 2016). 

 

3.3 Outcome 
The objective of this study was to measure the continuity of pharmaceutical care 

by comparing medication use before (outpatient) and after (inpatient) admission 

to the UMCU. The study outcomes were continuation, switch and discontinuation 

of medications after admission to the hospital. The ATC classification system was 

used to identify changes in medication use by comparing the drugs’ ATC level 4 

code, but the system classifies drugs into different groups at five different levels 

according to the organ or system upon which they act, and their chemical, 

pharmacological and therapeutic properties (WHO Collaborating Centre for Drug 

Statistics Methodology, 2016b). Patients were classified as continuing users if a 

medication dispensed 120 days prior to admission was prescribed during the first 

two days of hospitalization. If patients were prescribed a medication during the 

first two days of hospitalization within the same therapeutic group as a medication 

dispensed 120 days prior to admission (e.g. omeprazole [A02BC01] instead of 

rabeprazole [A02BC04]), they were classified as switchers. Discontinuation was 

considered to have taken place if a medication dispensed 120 days prior to 

admission was not prescribed during the first two days of hospitalization (Figure 

5) (Abdullah-Koolmees et al., 2014; Abdullah-Koolmees et al., 2015). 

 

 



 14 

120 days Admission First two days Hospitalization

Inpatient useOutpatient use

 

 

 

 
 
 
Figure 5. Time of follow-up. The medications dispensed during the 120 days prior to admission 
(outpatient use) were compared with the medications prescribed during the first two days of 
hospitalization (inpatient use). 
 

In addition, a sensitivity analysis of the continuity of pharmaceutical care was 

performed on days 1, 3, and 7 of admission for the five clinically relevant 

medication classes antithrombotic agents, epilepsy medications, HIV (human 

immunodeficiency virus) medications, insulins, and thyroid medications. 

 

3.4 Covariates 
Stratification was used to control for differences in background characteristics 

and to give insights into the continuation pattern. These factors included gender, 

age (categorized in tertiles to obtain three equally divided groups: £ 44 years; 45-

67 years; ³ 68 years), department of admission, year of admission, duration of 

hospitalization (categorized in tertiles to obtain three equally divided groups: 2-3 

days; 4-7 days; ³ 8 days), and number of medications (categorized in tertiles to 

obtain three equally divided groups: £ 3 medications; 4-7 medications; ³ 8 

medications). 

 

3.5 Data Analysis 
Descriptive statistics were used to describe the study population. The prevalence 

of medication continuation, switch, and discontinuation after admission to the 

hospital was investigated in both populations and expressed as a proportion of 

the total number of patients within the respective population. Binary logistic 

regression was conducted to estimate the association between implementing a 

standardized pharmaceutical interview and continuity of pharmaceutical care 

(continuation [reference], switch, discontinuation), expressed as odds ratio (OR) 

with 95% CI. Crude and adjusted ORs were assessed, where the latter was 
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adjusted for the categorical variables gender, age, and department of admission. 

Statistical significance was determined at P < 0.05. All statistical analyses were 

performed using the Statistical Analysis Software (SAS) system version 9.4 for 

Windows. The SAS code with comments is presented in Appendix A. 

 

3.6 Approvals 
The study was approved by the Medical Research Ethics Committee (METC) and 

performed in accordance with the Code of Conduct for the Use of Data in Health 

Research of The Federation of Dutch Medical Scientific Societies. 
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4 RESULTS 
 

A total of 16,493 patients were included in this study, of which 8,474 were in the 

intervention population and 8,019 in the control population. For the population as 

a whole, 52.7% patients were female and 47.3% were male. Mean age was 53.2 

years (Standard Deviation [SD], 24.3 years), and the majority of patients were 

older than 67 years (34.8%). The most common year of admission was 2012 

(30.5%) and the most common department of admission was surgery (29.2%). 

Median duration of hospitalization was four days (range 2-207 days). The majority 

of patients used less than four medications prior to admission (38.3%) (Table 1). 

 

In both the intervention population (50.8%) and the control population (54.6%), 

the majority of patients were female. Mean age in the intervention population was 

54.6 years (SD, 24.0 years), and the majority of patients were older than 67 years 

(37.1%). Mean age in the control population was 51.8 years (SD, 24.5 years), 

and the majority of patients were younger than 45 years (35.7%). The most 

common year of admission was 2014 (56.1%) in the intervention population, and 

2012 (62.8%) in the control population. The most common department of 

admission was surgery in both the intervention population (31.2%) and the control 

population (27.0%). Median duration of hospitalization was five days (range 2-

191 days) in the intervention population, and four days (range 2-207 days) in the 

control population. In both the intervention population (35.0%) and the control 

population (41.8%), the majority of patients used less than four medications prior 

to admission (Table 1). 
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Table 1. Characteristics of the study population. 

 
Total 

population 
(n = 16,493) 

Intervention 
population 
(n = 8,474) 

Control 
population 
(n = 8,019) 

Characteristics No. % No. % No. % 

Gender       

Female 8,684 52.7 4,309 50.8 4,375 54.6 

Male 7,809 47.3 4,165 49.2 3,644 45.4 

Age (years)       

£ 44 5,386 32.7 2,521 29.7 2,865 35.7 

45-67 5,375 32.6 2,809 33.1 2,566 32.0 

³ 68 5,732 34.8 3,144 37.1 2,588 32.3 

Year of admission       

2012 5,038 30.5 - - 5,038 62.8 

2013 2,981 18.1 - - 2,981 37.2 

2014 4,758 28.8 4,758 56.1 - - 

2015 3,716 22.5 3,716 43.9 - - 

Department of admission       

Internal Medicine 2,704 16.4 1,372 16.2 1,332 16.6 

Surgery 4,809 29.2 2,641 31.2 2,168 27.0 

Neurology 2,464 14.9 1,294 15.3 1,170 14.6 

Cardiology and Respiratory 2,996 18.2 1,640 19.4 1,356 16.9 

Pediatrics 3,106 18.8 1,361 16.1 1,745 21.8 

Other 414 2.5 166 2.0 248 3.1 

Duration of hospitalization 
(days)       

2-3 6,578 39.9 3,168 37.4 3,410 42.5 

4-7 5,097 30.9 2,704 31.9 2,393 29.8 

³ 8 4,818 29.2 2,602 30.7 2,216 27.6 

Medications prior to 
admission       

£ 3 6,316 38.3 2,962 35.0 3,354 41.8 

4-7 5,055 30.6 2,721 32.1 2,334 29.1 

³ 8 5,122 31.1 2,791 32.9 2,331 29.1 
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4.1 Continuation 
Of the 16,493 patients, 17.3% continued all medications after admission to the 

hospital, of which 21.2% were in the intervention population and 13.2% in the 

control population. For the population as a whole, continuation of medication was 

higher for male patients (19.5%). When stratified by age, patients between 45 

and 67 years (18.5%) were found to have the highest prevalence of medication 

continuation. Continuation of medication was highest for the admission year of 

2015 (23.0%). Patients admitted to the department of surgery (19.6%) had the 

highest prevalence of medication continuation. When stratified by duration of 

hospitalization, patients with hospitalizations between four and seven days 

(18.9%) had the highest prevalence of medication continuation. Continuation of 

medication was highest for patients with less than four medications prior to 

admission (26.8%) (Table 2). 

 

Continuation of medication was higher for male patients in both the intervention 

population (23.1%) and the control population (15.5%). When stratified by age, 

patients between 45 and 67 years (22.6%) in the intervention population, and 

patients younger than 45 years (14.2%) in the control population, were found to 

have the highest prevalence of medication continuation. Continuation of 

medication was highest for the admission year of 2015 (23.0%) in the intervention 

population, and the admission year of 2013 (15.9%) in the control population. 

Continuation of medication was highest for the department of surgery in the 

intervention population (24.2%), and department of neurology in the control 

population (15.6%). When stratified by duration of hospitalization, patients with 

hospitalizations between four and seven days had the highest prevalence of 

medication continuation in both the intervention population (22.2%) and the 

control population (15.1%). Continuation of medication was highest for patients 

with less than four medications prior to admission in both the intervention 

population (33.5%) and the control population (20.9%) (Table 2). 
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Table 2. Characteristics of the patients that continued all medications after hospital admission. 

 
Total 

population 
(n = 16,493) 

Intervention 
population 
(n = 8,474) 

Control 
population 
(n = 8,019) 

Characteristics No. % No. % No. % 

Overall 2,849 17.3 1,792 21.2 1,057 13.2 

Gender       

Female 1,324 15.2 831 19.3 493 11.3 

Male 1,525 19.5 961 23.1 564 15.5 

Age (years)       

£ 44 934 17.3 528 20.9 406 14.2 

45-67 996 18.5 634 22.6 362 14.1 

³ 68 919 16.0 630 20.0 289 11.2 

Year of admission       

2012 584 11.6 - - 584 11.6 

2013 473 15.9 - - 473 15.9 

2014 937 19.7 937 19.7 - - 

2015 855 23.0 855 23.0 - - 

Department of admission       

Internal Medicine 320 11.8 184 13.4 136 10.2 

Surgery 942 19.6 638 24.2 304 14.0 

Neurology 456 18.5 274 21.2 182 15.6 

Cardiology and Respiratory 560 18.7 383 23.4 177 13.1 

Pediatrics 502 16.2 273 20.1 229 13.1 

Other 69 16.7 40 24.1 29 11.7 

Duration of hospitalization 
(days)       

2-3 1,056 16.1 690 21.8 366 10.7 

4-7 963 18.9 601 22.2 362 15.1 

³ 8 830 17.2 501 19.3 329 14.8 

Medications prior to 
admission       

£ 3 1,694 26.8 993 33.5 701 20.9 

4-7 824 16.3 569 20.9 255 10.9 

³ 8 331 6.5 230 8.2 101 4.3 

Note: The denominators used for the calculation of the percentages for the specific patient 
characteristics are obtained from table 1 
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For the population as a whole, the 10 most frequently continued medications 

were metoprolol (82.4%), pantoprazole (83.0%), simvastatin (80.9%), 

omeprazole (69.0%), acetylsalicylic acid (57.2%), furosemide (78.3%), metformin 

(82.0%), macrogol (55.6%), amlodipine (78.2%), and acenocoumarol (74.5%) 

(Table 3). 

 

In the intervention population, 87.2% continued metoprolol, compared with 76.8% 

in the control population. 87.9% continued pantoprazole in the intervention 

population, compared with 76.2% in the control population. 84.2% continued 

simvastatin in the intervention population, compared with 77.2% in the control 

population. 77.1% continued omeprazole in the intervention population, 

compared with 60.0% in the control population. 66.1% continued acetylsalicylic 

acid in the intervention population, compared with 50.4% in the control 

population. 83.1% continued furosemide in the intervention population, compared 

with 73.3% in the control population. 89.3% continued metformin in the 

intervention population, compared with 74.1% in the control population. 64.2% 

continued macrogol in the intervention population, compared with 43.3% in the 

control population. 82.0% continued amlodipine in the intervention population, 

compared with 72.8% in the control population. 79.5% continued acenocoumarol 

in the intervention population, compared with 68.7% in the control population 

(Table 3). 
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Table 3. The 10 most frequently continued medications after hospital admission (WHO 
Collaborating Centre for Drug Statistics Methodology, 2016a). 

   Total population Intervention 
population Control population 

No. ATC 
code Medication Total 

users No. % Total 
users No. % Total 

users No. % 

1 C07AB02 Metoprolol 2,833 2,335 82.4 1,526 1,331 87.2 1,307 1,004 76.8 

2 A02BC02 Pantoprazole 2,477 2,057 83.0 1,442 1,268 87.9 1,035 789 76.2 

3 C10AA01 Simvastatin 2,512 2,033 80.9 1,339 1,127 84.2 1,173 906 77.2 

4 A02BC01 Omeprazole 2,215 1,529 69.0 1,169 901 77.1 1,046 628 60.0 

5 B01AC06 Acetylsalicylic 
acid 2,539 1,452 57.2 1,415 936 66.1 1,024 516 50.4 

6 C03CA01 Furosemide 1,620 1,269 78.3 834 693 83.1 786 576 73.3 

7 A10BA02 Metformin 1,509 1,238 82.0 787 703 89.3 722 535 74.1 

8 A06AD65 Macrogol 1,965 1,092 55.6 1,152 740 64.2 813 352 43.3 

9 C08CA01 Amlodipine 1,314 1,027 78.2 763 626 82.0 551 401 72.8 

10 B01AA07 Acenocoumarol 1,313 978 74.5 706 561 79.5 607 417 68.7 

Abbreviation: ATC, anatomical therapeutic chemical. 

 

For the population as a whole, the five most frequently continued medication 

classes were cardiovascular medications (70.3%), acid- and bowel-related 

medications (69.4%), psychiatric medications (70.1%), lipid-lowering medications 

(79.8%), and antidiabetics (79.2%) (Table 4). 

 

Of these, 76.9% continued cardiovascular medications in the intervention 

population, compared with 62.7% in the control population. 76.2% continued 

acid- and bowel-related medications in the intervention population, compared 

with 61.2% in the control population. 76.2% continued psychiatric medications in 

the intervention population, compared with 63.1% in the control population. 

84.6% continued lipid-lowering medications in the intervention population, 

compared with 74.0% in the control population. 85.5% continued antidiabetics in 

the intervention population, compared with 72.0% in the control population (Table 

4). 

 

 

 

 



 22 

Table 4. The five most frequently continued medication classes after hospital admission (Table 
B1 in Appendix B). 

  
Total number of 
medications in 

population 

Intervention 
population Control population 

No. Medication 
class 

Total 
users No. % Total 

users No. % Total 
users No. % 

1 Cardiovascular 
medications 25,510 17,946 70.3 13,708 10,545 76.9 11,802 7,401 62.7 

2 
Acid- and 
bowel-related 
medications 

6,859 4,761 69.4 3,766 2,868 76.2 3,093 1,893 61.2 

3 Psychiatric 
medications 6,269 4,392 70.1 3,313 2,526 76.2 2,956 1,866 63.1 

4 Lipid-lowering 
medications 4,954 3,954 79.8 2,719 2,299 84.6 2,235 1,655 74.0 

5 Antidiabetics 3,909 3,095 79.2 2,079 1,778 85.5 1,830 1,317 72.0 

 

For the population as a whole, 64.0% continued a medication in the medication 

class antithrombotic agents within seven days, 77.9% in the medication class 

epilepsy medications, 73.9% in the medication class HIV medications, 77.8% in 

the medication class insulins, and 81.9% in the medication class thyroid 

medications (Table 5). 

 

The sensitivity analysis showed that 71.1% of patients in the intervention 

population continued a medication in the medication class antithrombotic agents 

within seven days, compared with 55.2% in the control population. 82.8% of 

patients in the intervention population continued a medication in the medication 

class epilepsy medications within seven days, compared with 72.2% in the 

control population. 85.2% of patients in the intervention population continued a 

medication in the medication class HIV medications within seven days, compared 

with 63.2% in the control population. 84.3% of patients in the intervention 

population continued a medication in the medication class insulins within seven 

days, compared with 70.3% in the control population. 88.0% of patients in the 

intervention population continued a medication in the medication class thyroid 

medications within seven days, compared with 75.7% in the control population 

(Table 5). 
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Table 5. Sensitivity analysis of the medication continuation on days 1, 3, and 7 of admission 
for five clinically relevant medication classes (Table B2 in Appendix B). 

  Total population Intervention 
population Control population 

Medication 
class Days Total 

users No. % Total 
users No. % Total 

users No. % 

Antithrombotic 
agents 

1 

7,013 

3,504 50.0 

3,879 

2,201 56.7 

3,134 

1,303 41.6 

3 4,334 61.8 2,760 71.2 1,664 53.1 

7 4,488 64.0 2,759 71.1 1,729 55.2 

Epilepsy 
medications 

1 

1,657 

1,051 63.4 

895 

617 68.9 

762 

434 57.0 

3 1,269 76.6 727 81.2 542 71.1 

7 1,291 77.9 741 82.8 550 72.2 

HIV 
medications 

1 

111 

71 64.0 

54 

40 74.1 

57 

31 54.4 

3 80 72.1 45 83.3 35 61.4 

7 82 73.9 46 85.2 36 63.2 

Insulins 

1 

1,512 

937 62.0 

809 

552 68.2 

703 

385 54.8 

3 1,149 76.0 669 82.7 480 68.3 

7 1,176 77.8 682 84.3 494 70.3 

Thyroid 
medications 

1 

1,069 

727 68.0 

543 

398 73.3 

526 

329 62.5 

3 859 80.4 469 86.4 390 74.1 

7 876 81.9 478 88.0 398 75.7 

Abbreviation: HIV, human immunodeficiency virus.  
 

4.2 Switch 
Of the 16,493 patients, 2.7% continued all medications, but switched at least one 

after admission to the hospital, of which 2.9% were in the intervention population 

and 2.6% in the control population. For the population as a whole, the switching 

of medication was higher for male patients (3.2%). When stratified by age, 

patients older than 67 years (3.6%) were found to have the highest prevalence 

of switch. The switching of medication was highest for the admission year of 2015 

(3.1%). Patients admitted to the department of cardiology and respiratory (4.9%) 

had the highest prevalence of medication switch. When stratified by duration of 

hospitalization, patients with hospitalizations between four and seven days 

(3.2%) had the highest prevalence of medication switch. The switching of 

medication was highest for patients with medications between four and seven 

prior to admission (3.5%) (Table 6). 
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The switch of medication was higher for male patients in both the intervention 

population (3.6%) and the control population (2.8%) after admission to the 

hospital. When stratified by age, patients older than 67 years were found to have 

the highest prevalence of medication switch in both the intervention population 

(3.6%) and the control population (3.7%). The switching of medication was 

highest for the admission year of 2015 (3.1%) in the intervention population, and 

the admission year of 2012 (2.7%) in the control population. Patients admitted to 

the department of cardiology and respiratory had the highest prevalence of 

medication switch in both the intervention population (5.0%) and the control 

population (4.8%). When stratified by duration of hospitalization, patients with 

hospitalizations between four and seven days had the highest prevalence of 

medication switch in both the intervention population (3.4%) and the control 

population (3.0%). The switch of medication was highest for patients with 

medications between four and seven in both the intervention population (3.9%) 

and the control population (3.0%) (Table 6). 
 

Table 6. Characteristics of the patients that continued all medications, but switched at least 
one after hospital admission. 

 
Total population 

(n = 16,493) 
Intervention population 

(n = 8,474) 
Control population 

(n = 8,019) 

Characteristics No. % No. % No. % 

Overall 454 2.7 248 2.9 206 2.6 

Gender       

Female 203 2.3 99 2.3 104 2.4 

Male 251 3.2 149 3.6 102 2.8 

Age (years)       

£ 44 82 1.5 38 1.5 44 1.5 

45-67 165 3.1 98 3.5 67 2.6 

³ 68 207 3.6 112 3.6 95 3.7 

Year of admission       

2012 136 2.7 - - 136 2.7 

2013 70 2.3 - - 70 2.3 

2014 132 2.8 132 2.8 - - 

2015 116 3.1 116 3.1 - - 

Note: The denominators used for the calculation of the percentages for the specific patient 
characteristics are obtained from table 1 
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Table 6. Characteristics of the patients that continued all medications, but switched at least 
one after hospital admission (Continued). 

 
Total 

population 
(n = 16,493) 

Intervention 
population 
(n = 8,474) 

Control 
population 
(n = 8,019) 

Characteristics No. % No. % No. % 

Department of admission       

Internal Medicine 54 2.0 31 2.3 23 1.7 

Surgery 119 2.5 68 2.6 51 2.4 

Neurology 84 3.4 49 3.8 35 3.0 

Cardiology and Respiratory 147 4.9 82 5.0 65 4.8 

Pediatrics 43 1.4 13 1.0 30 1.7 

Other 7 1.7 5 3.0 2 0.8 

Duration of hospitalization 
(days)       

2-3 146 2.2 78 2.5 68 2.0 

4-7 165 3.2 93 3.4 72 3.0 

³ 8 143 3.0 77 3.0 66 3.0 

Medications prior to 
admission       

£ 3 144 2.3 57 1.9 87 2.6 

4-7 177 3.5 107 3.9 70 3.0 

³ 8 133 2.6 84 3.0 49 2.1 

Note: The denominators used for the calculation of the percentages for the specific patient 
characteristics are obtained from table 1 
 

For the population as a whole, the 10 most frequently switched medications were 

acetylsalicylic acid (20.8%), omeprazole (11.7%), prednisolone (9.9%), 

nadroparin (35.7%), paracetamol combinations, excluding psycholeptics 

(68.9%), simvastatin (3.0%), carbasalate calcium (6.8%), pantoprazole (2.9%), 

clopidogrel (11.9%), and prednisone (63.6%) (Table 7). 

 

Of these, 15.3% switched acetylsalicylic acid in the intervention population, 

compared with 27.8% in the control population. 10.7% switched omeprazole in 

the intervention population, compared with 12.9% in the control population. 9.7% 

switched prednisolone in the intervention population, compared with 10.1% in the 

control population. 28.4% switched nadroparin in the intervention population, 

compared with 45.3% in the control population. 0.0% switched paracetamol 
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combinations, excluding psycholeptics, in the intervention population, compared 

with 68.9% in the control population. 3.7% switched simvastatin in the 

intervention population, compared with 2.1% in the control population. 7.2% 

switched carbasalate calcium in the intervention population, compared with 6.3% 

in the control population. 2.2% switched pantoprazole in the intervention 

population, compared with 3.8% in the control population. 10.8% switched 

clopidogrel in the intervention population, compared with 13.4% in the control 

population. 63.2% switched prednisone in the intervention population, compared 

with 64.2% in the control population (Table 7). 
 

Table 7. The 10 most frequently switched medications after hospital admission (WHO 
Collaborating Centre for Drug Statistics Methodology, 2016a). 

   Total population Intervention 
population 

Control 
population 

No. ATC 
code Medication Total 

users No. % Total 
users No. % Total 

users No. % 

1 B01AC06 Acetylsalicylic 
acid 2,539 529 20.8 1,415 216 15.3 1,124 313 27.8 

2 A02BC01 Omeprazole 2,215 260 11.7 1,169 125 10.7 1,046 135 12.9 

3 H02AB06 Prednisolone 1,463 145 9.9 791 77 9.7 672 68 10.1 

4 B01AB06 Nadroparin 342 122 35.7 194 55 28.4 148 67 45.3 

5 N02BE51 

Paracetamol 
combinations, 
excluding 
psycholeptics 

164 113 68.9 0 0 0.0 164 113 68.9 

6 C10AA01 Simvastatin 2,512 75 3.0 1,339 50 3.7 1,173 25 2.1 

7 B01AC08 Carbasalate 
calcium 1,081 73 6.8 526 38 7.2 555 35 6.3 

8 A02BC02 Pantoprazole 2,477 71 2.9 1,442 32 2.2 1,035 39 3.8 

9 B01AC04 Clopidogrel 589 70 11.9 351 38 10.8 238 32 13.4 

10 H02AB07 Prednisone 110 70 63.6 57 36 63.2 53 34 64.2 

Abbreviation: ATC, anatomical therapeutic chemical. 
 

For the population as a whole, the five most frequently switched medication 

classes were cardiovascular medications (5.0%), acid- and bowel-related 

medications (6.7%), analgesics and antirheumatic agents (6.2%), systemic 

hormones, excluding sex hormones and insulins (8.4%), and asthma and COPD 

(chronic obstructive pulmonary disease) medications (4.2%) (Table 8). 
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Of these, 4.2% switched cardiovascular medications in the intervention 

population, compared with 6.0% in the control population. 5.7% switched acid- 

and bowel-related medications in the intervention population, compared with 

7.9% in the control population. 3.0% switched analgesics and antirheumatic 

agents in the intervention population, compared with 9.5% in the control 

population. 8.3% switched systemic hormones, excluding sex hormones and 

insulins, in the intervention population, compared with 8.4% in the control 

population. 3.8% switched asthma and COPD medications in the intervention 

population, compared with 4.5% in the control population (Table 8). 
 

Table 8. The five most frequently switched medication classes after hospital admission (Table 
B1 in Appendix B). 

  
Total number of 
medications in 

population 

Intervention 
population 

Control 
population 

No. Medication class Total 
users No. % Total 

users No. % Total 
users No. % 

1 Cardiovascular 
medications 25,510 1,281 5.0 13,708 578 4.2 11,802 703 6.0 

2 Acid- and bowel-
related medications 6,859 458 6.7 3,766 215 5.7 3,093 243 7.9 

3 
Analgesics and 
antirheumatic 
agents 

6,027 372 6.2 3,103 93 3.0 2,924 279 9.5 

4 

Systemic hormones, 
excluding sex 
hormones and 
insulins 

3,624 304 8.4 1,978 165 8.3 1,646 139 8.4 

5 Asthma and COPD 
medications 4,662 194 4.2 2,433 93 3.8 2,229 101 4.5 

 

For the population as a whole, 13.2% switched a medication in the medication 

class antithrombotic agents within seven days, 1.4% in the medication class 

epilepsy medications, 3.6% in the medication class HIV medications, 1.6% in the 

medication class insulins, and 0.1% in the medication class thyroid medications. 

 

4.3 Discontinuation 
Of the 16,493 patients, 80.0% discontinued at least one medication after 

admission to the hospital, of which 75.9% were in the intervention population and 
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84.2% in the control population. For the population as a whole, discontinuation of 

medication was higher for female patients (82.4%). When stratified by age, 

patients younger than 45 years (81.1%) were found to have the highest 

prevalence of medication discontinuation. Discontinuation of medication was 

highest for the admission year of 2012 (85.7%). Patients admitted to the 

department of internal medicine (86.5%) had the highest prevalence of 

medication discontinuation. When stratified by duration of hospitalization, 

patients with hospitalizations between two and three days (81.7%) had the 

highest prevalence of medication discontinuation. Discontinuation of medication 

was highest for patients with more than seven medications prior to admission 

(90.9%) (Table 9). 

 

Discontinuation of medication was higher for female patients in both the 

intervention population (78.4%) and the control population (86.4%) after 

admission to the hospital. When stratified by age, patients younger than 45 years 

(77.5%) in the intervention population, and patients older than 67 years (85.2%) 

in the control population, were found to have the highest prevalence of 

medication discontinuation. Discontinuation of medication was highest for the 

admission year of 2014 (77.5%) in the intervention population, and the admission 

year of 2012 (85.7%) in the control population. Patients admitted to the 

department of internal medicine had the highest prevalence of medication 

discontinuation in both the intervention population (84.3%) and the control 

population (88.1%). When stratified by duration of hospitalization, patients with 

hospitalizations of more than seven days in the intervention population (77.8%), 

and hospitalizations between two and three days in the control population 

(87.3%) had the highest prevalence of medication discontinuation. 

Discontinuation of medication was highest for patients with more than seven 

medications prior to admission in both the intervention population (88.7%) and 

the control population (93.6%) (Table 9). 
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Table 9. Characteristics of the patients that discontinued at least one medication after hospital 
admission. 

 
Total 

population 
(n = 16,493) 

Intervention 
population 
(n = 8,474) 

Control 
population 
(n = 8,019) 

Characteristics No. % No. % No. % 

Overall 13,190 80.0 6,434 75.9 6,756 84.2 

Gender       

Female 7,157 82.4 3,379 78.4 3,778 86.4 

Male 6,033 77.3 3,055 73.3 2,978 81.7 

Age (years)       

£ 44 4,370 81.1 1,955 77.5 2,415 84.3 

45-67 4,214 78.4 2,077 73.9 2,137 83.3 

³ 68 4,606 80.4 2,402 76.4 2,204 85.2 

Year of admission       

2012 4,318 85.7 - - 4,318 85.7 

2013 2,438 81.8 - - 2,438 81.8 

2014 3,689 77.5 3,689 77.5 - - 

2015 2,745 73.9 2,745 73.9 - - 

Department of admission       

Internal Medicine 2,330 86.2 1,157 84.3 1,173 88.1 

Surgery 3,748 77.9 1,935 73.3 1,813 83.6 

Neurology 1,924 78.1 971 75.0 953 81.5 

Cardiology and Respiratory 2,289 76.4 1,175 71.6 1,114 82.2 

Pediatrics 2,561 82.5 1,075 79.0 1,486 85.2 

Other 338 81.6 121 72.9 217 87.5 

Duration of hospitalization 
(days)       

2-3 5,376 81.7 2,400 75.8 2,976 87.3 

4-7 3,969 77.9 2,010 74.3 1,959 81.9 

³ 8 3,845 79.8 2,024 77.8 1,821 82.2 

Medications prior to 
admission       

£ 3 4,478 70.9 1,912 64.6 2,566 76.5 

4-7 4,054 80.2 2,045 75.1 2,009 86.1 

³ 8 4,658 90.9 2,477 88.7 2,181 93.6 

Note: The denominators used for the calculation of the percentages for the specific patient 
characteristics are obtained from table 1 
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For the population as a whole, the 10 most frequently discontinued medications 

were amoxicillin and enzyme inhibitor (78.5%), amoxicillin (93.9%), macrogol 

(41.6%), diclofenac (58.5%), other emollients and protectives (72.6%), tramadol 

(67.0%), nitrofurantoin (84.9%), doxycycline (90.9%), metformin (22.0%), and 

artificial tears and other indifferent preparations (52.8%) (Table 10). 

 

Of these, 77.5% discontinued amoxicillin and enzyme inhibitor in the intervention 

population, compared with 79.5% in the control population. 92.9% discontinued 

amoxicillin in the intervention population, compared with 94.9% in the control 

population. 33.0% discontinued macrogol in the intervention population, 

compared with 53.9% in the control population. 56.6% discontinued diclofenac in 

the intervention population, compared with 60.3% in the control population. 

62.1% discontinued other emollients and protectives in the intervention 

population, compared with 84.1% in the control population. 65.8% discontinued 

tramadol in the intervention population, compared with 68.2% in the control 

population. 81.0% discontinued nitrofurantoin in the intervention population, 

compared with 89.1% in the control population. 87.4% discontinued doxycycline 

in the intervention population, compared with 94.5% in the control population. 

18.6% discontinued metformin in the intervention population, compared with 

26.2% in the control population. 42.3% discontinued artificial tears and other 

indifferent preparations in the intervention population, compared with 64.9% in 

the control population (Table 10). 
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Table 10. The 10 most frequently discontinued medications after hospital admission (WHO 
Collaborating Centre for Drug Statistics Methodology, 2016a). 

 
 
 
 

 Total population Intervention 
population 

Control 
population 

No. ATC 
code Medication Total 

users No. % Total 
users No. % Total 

users No. % 

1 J01CR02 
Amoxicillin and 
enzyme 
inhibitor 

1,275 1,001 78.5 645 500 77.5 630 501 79.5 

2 J01CA04 Amoxicillin 1,062 997 93.9 534 496 92.9 528 501 94.9 

3 A06AD65 Macrogol 1,965 818 41.6 1,152 380 33.0 813 438 53.9 

4 M01AB05 Diclofenac 1,386 811 58.5 675 382 56.6 711 429 60.3 

5 D02AX 
Other 
emollients and 
protectives 

994 722 72.6 517 321 62.1 477 401 84.1 

6 N02AX02 Tramadol 994 666 67.0 509 335 65.8 485 331 68.2 

7 J01XE01 Nitrofurantoin 764 649 84.9 389 315 81.0 375 334 89.1 

8 J01AA02 Doxycycline 626 569 90.9 317 277 87.4 309 292 94.5 

9 B01AC06 Metformin 2,539 558 22.0 1,415 263 18.6 1124 295 26.2 

10 S01XA20 

Artificial tears 
and other 
indifferent 
preparations 

1,035 546 52.8 556 235 42.3 479 311 64.9 

Abbreviation: ATC, anatomical therapeutic chemical. 
 

For the population as a whole, the five most frequently discontinued medication 

classes were cardiovascular medications (24.6%), antifungals and antibiotics 

(80.5%), dermatologicals (77.7%), analgesics and antirheumatic agents (51.4%), 

and sensory medications (64.8%) (Table 11). 

 

Of these, 18.9% discontinued cardiovascular medications in the intervention 

population, compared with 31.3% in the control population. 77.0% discontinued 

antifungals and antibiotics in the intervention population, compared with 84.4% 

in the control population. 70.1% discontinued dermatologicals in the intervention 

population, compared with 86.1% in the control population. 46.5% discontinued 

analgesics and antirheumatic agents in the intervention population, compared 

with 56.5% in the control population. 59.2% discontinued psychiatric medications 
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in the intervention population, compared with 71.0% in the control population 

(Table 11). 

 
Table 11. The five most frequently discontinued medication classes after hospital admission 
(Table B1 in Appendix B). 

  
Total number of 
medications in 

population 

Intervention 
population Control population 

No. Medication 
class 

Total 
users No. % Total 

users No. % Total 
users No. % 

1 Cardiovascular 
medications 25,510 6,283 24.6 13,708 2,585 18.9 11,802 3,698 31.3 

2 Antifungals and 
antibiotics 6,918 5,569 80.5 3,666 2,823 77.0 3,252 2,746 84.4 

3 Dermatologicals 4,727 3,672 77.7 2,489 1,745 70.1 2,238 1,927 86.1 

4 
Analgesics and 
antirheumatic 
agents 

6,027 3,095 51.4 3,103 1,444 46.5 2,924 1,651 56.5 

5 Sensory 
medications 4,290 2,778 64.8 2,277 1,349 59.2 2,013 1,429 71.0 

 

For the population as a whole, 22.8% discontinued a medication in the medication 

class antithrombotic agents within seven days, 20.7% in the medication class 

epilepsy medications, 22.5% in the medication class HIV medications, 20.6% in 

the medication class insulins, and 18.0% in the medication class thyroid 

medications (Table 12). 

 

The sensitivity analysis showed that 18.1% of patients in the intervention 

population discontinued a medication in the medication class antithrombotic 

agents within seven days, compared with 28.7% in the control population. 15.5% 

of patients in the intervention population discontinued a medication in the 

medication class epilepsy medications within seven days, compared with 26.6% 

in the control population. 9.3% of patients in the intervention population 

discontinued a medication in the medication class HIV medications within seven 

days, compared with 35.1% in the control population. 14.6% of patients in the 

intervention population discontinued a medication in the medication class insulins 

within seven days in, compared with 27.6% in the control population. 12.0% of 

patients in the intervention population discontinued a medication in the 
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medication class thyroid medications within seven days, compared with 24.1% in 

the control population (Table 12). 

 
Table 12. Sensitivity analysis of the medication discontinuation on days 1, 3, and 7 of admission 
for five clinically relevant medication classes (Table B2 in Appendix B). 

  Total population Intervention 
population Control population 

Medication 
class Days Total 

users No. % Total 
users No. % Total 

users No. % 

Antithrombotic 
agents 

1 

7013 

2886 41.1 

3879 

1379 35.6 

3134 

1507 48.1 

3 1803 25.7 716 18.5 997 31.8 

7 1602 22.8 704 18.1 898 28.7 

Epilepsy 
medications 

1 

1657 

587 35.5 

895 

267 29.8 

762 

320 42.0 

3 364 22.0 153 17.1 211 27.7 

7 342 20.7 139 15.5 203 26.6 

HIV medications 

1 

111 

37 33.3 

54 

12 22.2 

57 

25 43.9 

3 28 25.2 7 13.0 21 36.8 

7 25 22.5 5 9.3 20 35.1 

Insulins 

1 

1512 

558 36.9 

809 

250 30.9 

703 

308 43.8 

3 342 22.6 131 16.2 211 30.0 

7 312 20.6 118 14.6 194 27.6 

Thyroid 
medications 

1 

1069 

341 31.9 

543 

145 26.7 

526 

196 37.3 

3 209 19.5 74 13.6 135 25.7 

7 192 18.0 65 12.0 127 24.1 

Abbreviation: HIV, human immunodeficiency virus. 

 
4.4 Summary 
Figures 6-10 summarize the results from the sensitivity analysis that was 

performed on the medication continuation, switch, and discontinuation on days 

1, 3, and 7 of admission for the five clinically relevant medication classes 

antithrombotic agents, epilepsy medications, HIV medications, insulins, and 

thyroid medications. 
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Figure 6. Sensitivity analysis of the medication continuation, switch, and discontinuation on 
days 1, 3, and 7 of admission for the medication class antithrombotic agents. 
 

 

 
Figure 7. Sensitivity analysis of the medication continuation, switch, and discontinuation on 
days 1, 3, and 7 of admission for the medication class epilepsy medications. 
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Figure 8. Sensitivity analysis of the medication continuation, switch, and discontinuation on 
days 1, 3, and 7 of admission for the medication class HIV medications. 
 
 

 
Figure 9. Sensitivity analysis of the medication continuation, switch, and discontinuation on 
days 1, 3, and 7 of admission for the medication class insulins. 
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Figure 10. Sensitivity analysis of the medication continuation, switch, and discontinuation on 
days 1, 3, and 7 of admission for the medication class thyroid medications. 
 

Table 13 and Figure 11 summarize the prevalence of medication continuation, 

switch, and discontinuation in each population after hospital admission. For the 

population as a whole, 17.3% continued all medications, of which 21.2% were in 

the intervention population and 13.2% in the control population. 2.7% continued 

all medications, but switched at least one, of which 2.9% were in the intervention 

population and 2.6% in the control population. 80.0% discontinued at least one 

medication, of which 75.9% were in the intervention population and 84.2% in the 

control population. 

 
Table 13. Prevalence of medication continuation, switch, and discontinuation in each 
population after hospital admission. 

 
Total population 

(n = 16,493) 
Intervention population 

(n = 8,474) 
Control population 

(n = 8,019) 

 No. % No. % No. % 

Continuation 2,849 17.3 1,792 21.2 1,057 13.2 

Switch 454 2.7 248 2.9 206 2.6 

Discontinuation 13,190 80.0 6,434 75.9 6,756 84.2 
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Figure 11. Prevalence of medication continuation, switch, and discontinuation in each 
population after hospital admission. 

 

Patients in the intervention population had lower odds of having a medication 

switched (OR, 0.71; 95% CI, 0.58-0.87) than continuing all medications when 

compared with the control population that did not undergo a standardized 

pharmaceutical interview at the time of admission. When adjusted for gender, 

age, and department of admission, the odds were further decreased (AOR, 0.68; 

95% CI, 0.56-0.83). Patients in the intervention population also had lower odds 

of having a medication discontinued (OR, 0.56; 95% CI, 0.52-0.61) than 

continuing all medications when compared with the control population that did not 

undergo a standardized pharmaceutical interview. When adjusted for gender, 

age, and department of admission, the odds remained low (OR, 0.56; 95% CI, 

0.52-0.61) (Table 14). 
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Table 14. Binary logistic regression analysis. The association between a standardized 
pharmaceutical interview and discrepancy in medication use after hospital admission. 

 
Intervention 
population 
(n = 8,474) 

Control 
population 
(n = 8,019) 

OR (95% CI) AOR (95% CI) 

 No. % No. %   

Continuation 1,792 21.2 1,057 13.2 1.00 1.00 

Switch 248 2.9 206 2.6 0.71 (0.58-0.87) 0.68 (0.56-0.83) 

Discontinuation 6,434 75.9 6,756 84.2 0.56 (0.52-0.61) 0.56 (0.52-0.61) 

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; OR, odds ratio. 
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5 DISCUSSION 
 
In this study, we found that implementing a medication reconciliation program 

consisting of a standardized pharmaceutical interview at hospital admission had 

a significant impact on the continuity of pharmaceutical care. The odds of 

switching or discontinuing a medication in the intervention population were 32% 

(AOR, 0.68; 95% CI, 0.56-0.83) and 44% (OR, 0.56; 95% CI, 0.52-0.61) lower 

than the odds of continuing all medications, respectively, when compared with 

the control population, after adjusting for gender, age, and department of 

admission. 

 

Our study is in line with results from earlier studies on the impact of medication 

reconciliation on medication discrepancies. Boockvar et al. demonstrated that 

medication reconciliation at hospital admission was associated with a 43% OR 

reduction in ADEs caused by admission prescribing changes classified as errors 

(AOR, 0.57; 95% CI, 0.33-0.98) (Boockvar et al., 2011). Schnipper et al. 

demonstrated that medication reconciliation at hospital admission or discharge 

was associated with a 28% relative risk reduction in potential ADEs (ARR, 0.72; 

95% CI, 0.52-0.99) (Schnipper et al., 2009). 

 

5.1 Medication Discrepancies in General 
For the population as a whole, only 17.3% continued all medications after 

admission to the hospital, whereas 2.7% continued all medications, but switched 

at least one, and 80.0% discontinued at least one medication. This low 

prevalence of medication continuation can be expected, as many medications 

are used temporarily and are therefore not critical at admission. Furthermore, the 

high prevalence of medication continuation in patients younger than 68 years with 

less than four medications prior to admission was expected, as the likelihood of 

medication continuation increases as the number of medications decreases, and 

younger patients are more likely to use fewer medications. The prevalence of 

medication continuation was also high in patients admitted to the department of 

surgery, as these hospitalizations are generally planned in advance. The most 
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frequently both continued and switched medications were cardiovascular 

medications and acid- and bowel-related medications. These medications may 

not necessarily be clinically relevant, as it is not as critical to discontinue an 

antihypertensive medication or a proton pump inhibitor for a few days, in contrast 

to discontinuing an epilepsy medication, for example. Discrepancies in drug 

policy between the hospital and the community pharmacies is the most important 

reason for medication switches after admission. In the Netherlands, brand-name 

medications are more frequently prescribed inside the hospital due to price 

discounts, whereas generic medication dispensing is encouraged by the 

government outside the hospital (Stuffken & Egberts, 2004). Another reason is 

drug availability. The number of medications temporarily unavailable in the 

Netherlands quadrupled over five years, according to the Royal Dutch 

Pharmacists Association, where the main reasons were production problems and 

a sudden increase in demand (Pieters, 2016). 

 

A possible reason for the lower prevalence of medication switches in the control 

population is that discontinuation of medication may have resulted instead of 

switch in the absence of a standardized pharmaceutical interview. The 

prevalence of medication discontinuation was high in patients with 

hospitalizations of less than four days. This might result from the short duration 

of hospitalization, but it is also possible that patients with short hospitalizations 

use medications from home during hospitalization without a clinical order. In 

clinical practice, medications from home should not be used during 

hospitalization. However, a small pilot was recently implemented, where patients 

were allowed to use medications from home during hospitalization. It is unlikely 

that this will have large impact on our findings (Abdullah-Koolmees et al., 2014). 

When looking at the most frequently discontinued medications, the majority were 

in the medication class cardiovascular medications, which is expected, as the 

medications that are most frequently used are more likely to be discontinued. 

Discontinuation was also high for the medication classes of antifungals and 

antibiotics, dermatologicals, analgesics and antirheumatic agents, and sensory 

medications. This might be explained by temporary indications or specific hospital 
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guidelines and may not be clinically relevant. Furthermore, the high prevalence 

of medication discontinuation may have resulted from intentional reasons, such 

as lack of need, inappropriateness, unnecessariness, side effects, drug-drug 

interactions, or inappropriate polypharmacy (Abdullah-Koolmees et al., 2015; 

Rose et al., 2017). 

 

5.2 Clinically Relevant Medication Discrepancies 
The most clinically relevant medication discrepancies were the discontinuation of 

antithrombotic agents, epilepsy medications, HIV medications, insulins, and 

thyroid medications. The majority of these medications were continued after 

hospital admission, but more frequently in the intervention population compared 

with the control population, as expected. The medication reconciliation 

intervention is likely to be the main reason for this higher prevalence of 

medication continuation in the intervention population. The thyroid and epilepsy 

medications were more frequently switched in the control population compared 

with the intervention population. These medications are examples of medications 

that have narrow therapeutic indexes, and a switch from a brand name 

medication to a generic might result in clinically important consequences, such 

as loss of preventive effect (Hansen, Campbell, & Sullivan, 2009; Hennessey, 

Malabanan, Haugen, & Levy, 2010). Each clinically relevant medication was 

more frequently discontinued in the control population compared with the 

intervention population. These medications are examples of medications that are 

generally used long term, and discontinuation might result in unfavorable clinical 

consequences. For example, discontinuation of epilepsy medications might lead 

to seizures, discontinuation of HIV medications might result in viral rebound, 

immune decompensation, and clinical progression, and discontinuation of 

insulins might worsen glycemic control (Abdullah-Koolmees et al., 2014; 

Holkmann Olsen et al., 2007). However, these medication discrepancies may 

have been warranted. As with medication discrepancies in general, medication 

discontinuation of clinically relevant medications may have partially resulted from 

intentional reasons: for example, discontinuation of antithrombotic agents prior to 
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surgery to prevent hemorrhagic complications (Abdullah-Koolmees et al., 2015; 

Bell et al., 2011; Rose et al., 2017).  

 

5.3 Implementation of a Medication Reconciliation Program 
According to our findings, an implementation of a medication reconciliation 

program at hospital admission is recommended, as it improves the continuation 

of medications, and, most importantly, clinically relevant medications. Despite the 

recommendation, there are various challenges associated with the 

implementation, and limited information demonstrating how it should be 

introduced within hospitals. Currently, no validated measures are available to 

assess the quality of medication reconciliation interventions. We recommend that 

pharmacists should be involved in the establishment of the process to ensure 

continuity of pharmaceutical care. Moreover, a close cooperation between 

healthcare providers is required to ensure that the medication reconciliation is 

completed successfully. In addition, proper training is needed prior to the 

implementation to ensure that healthcare providers are capable of obtaining the 

correct medication history and identifying and correcting medication-related 

problems. This implementation will require organizational commitment, 

appropriate information technology, and a payment proposal, and further 

research is needed to identify the patients who would benefit the most from a 

medication reconciliation program (Porcelli, Waitman, & Brown, 2010; Rose et 

al., 2017). 

 

5.4 Strengths and Limitations 
This is the first study to assess the impact of a hospital-wide implementation of a 

standardized pharmaceutical interview on the continuity of pharmaceutical care 

in a general academic hospital. The main strength of the study was the use of a 

unique database where a complete overview of primary and secondary 

healthcare use of patients was available, including inpatient and outpatient 

medication use. However, this study is not without limitations. We could not 

assess whether medication discontinuations and switches were intentional or 

unintentional, as it was not documented in the database. This may have caused 
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an overestimation of medication discrepancies in general after hospital 

admission, but is unlikely in clinically relevant medications. Furthermore, only 

dispensed medication data were used for medication use prior to hospitalization, 

meaning that only medications declared to insurance were considered. This may 

have caused an underestimation of medication use prior to hospitalization, as the 

use of over-the-counter medications was not declared to insurance. In addition, 

when patients had their medications dispensed prior to admission, we assumed 

they were using them. However, medication non-compliance is common and 

having medications dispensed does not necessarily mean that the patients are 

using them (Abdullah-Koolmees et al., 2015).  

 

Despite these limitations, our findings strongly suggest that medication 

reconciliation interventions consisting of a standardized pharmaceutical interview 

have a significant impact on continuity of pharmaceutical care, resulting in less 

discontinuation of treatment, and thus shed important light on the reduction of 

medication errors related to transitions in care.  
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6 CONCLUSIONS 
 

In conclusion, the introduction of a standardized pharmaceutical interview at 

hospital admission was associated with a significant reduction in medication 

switch and discontinuation. Clinically significant medications were less often 

discontinued in those that underwent a standardized pharmaceutical interview. 

Although the findings of this research provide overall support for medication 

reconciliation, further research is needed to assess the extent of intentional and 

unintentional medication discrepancies after admission. 

  



 45 

7 ACKNOWLEDGEMENTS 
 

First, I would like to thank my supervisor, Lárus Steinþór Guðmundsson, for his 

guidance throughout the project. 

 

My sincere gratitude goes to my instructor, Helga Garðarsdóttir, for the 

opportunity to conduct this research and for her guidance, patience, and support 

throughout the project. 

 

Special recognition must be given to my instructor, Mark de Groot, for his 

assistance with technical aspects. 

 

Finally, I would like to thank my fellow students for their invaluable friendship, my 

parents for laying the foundation for my education and supporting me through my 

studies, and my partner, for his patience, love, and unremitting encouragement. 

Your support has been invaluable. 

 

  



 46 

8 REFERENCES 
 

Abdullah-Koolmees, H., Gardarsdottir, H., Stoker, L. J., Vuyk, J., Egberts, T. C. 

G., & Heerdink, E. R. (2014). Discontinuation of Somatic Medication 

During Psychiatric Hospitalization. Annals of Pharmacotherapy, 48(11), 

1415-1424.  

Abdullah-Koolmees, H., Gardarsdottir, H., Yazir, D., Stoker, L. J., Vuyk, J., 

Egberts, T. C. G., & Heerdink, E. R. (2015). Medication Discontinuation in 

Patients After Discharge From a Psychiatric Hospital. Annals of 

Pharmacotherapy, 49(10), 1085-1095.  

Al-Quteimat, O. M., & Amer, A. M. (2016). Evidence-Based Pharmaceutical Care: 

The Next Chapter in Pharmacy Practice. Saudi Pharmaceutical Journal 

24(4), 447-451.  

Aller, M. B., Vargas, I., Waibel, S., Coderch-Lassaletta, J., Sanchez-Perez, I., 

Llopart, J. R., . . . Vazquez Navarrete, M. L. (2013). Factors Associated to 

Experienced Continuity of Care Between Primary and Outpatient 

Secondary Care in the Catalan Public Healthcare System. Gaceta 

Sanitaria, 27(3), 207-213.  

American College of Clinical Pharmacy. (2008). The Definition of Clinical 

Pharmacy. Pharmacotherapy, 28(6), 816-817.  

American Society of Hospital Pharmacists. (1993). ASHP Guidelines on 

Preventing Medication Errors in Hospitals. American Journal of Health-

System Pharmacy, 50(2), 305-314.  

Barnsteiner, J. H. (2008). Patient Safety and Quality: An Evidence-Based 

Handbook for Nurses. Rockville MD. 

Bates, D. W., Boyle, D. L., Vander Vliet, M. B., Schneider, J., & Leape, L. (1995). 

Relationship Between Medication Errors and Adverse Drug Events. 

Journal of General Internal Medicine, 10(4), 199-205.  

Bell, C. M., Brener, S. S., Gunraj, N., Huo, C., Bierman, A. S., Scales, D. C., . . . 

Urbach, D. R. (2011). Association of ICU or Hospital Admission with 

Unintentional Discontinuation of Medications for Chronic Diseases. 

Journal of the American Medical Association, 306(8), 840-847.  



 47 

Boockvar, K. S., Blum, S., Kugler, A., Livote, E., Mergenhagen, K. A., Nebeker, 

J. R., . . . Yeh, J. (2011). Effect of Admission Medication Reconciliation on 

Adverse Drug Events from Admission Medication Changes. Archives of 

Internal Medicine, 171(9), 860-861.  

Cook, R. I., Render, M., & Woods, D. D. (2000). Gaps in the Continuity of Care 

and Progress on Patient Safety. British Medical Journal, 320(7237), 791-

794.  

Cornish, P. L., Knowles, S. R., Marchesano, R., Tam, V., Shadowitz, S., Juurlink, 

D. N., & Etchells, E. E. (2005). Unintended Medication Discrepancies at 

the Time of Hospital admission. Archives of Internal Medicine, 165(4), 424-

429.  

de Andres-Lazaro, A. M., Sevilla-Sanchez, D., Ortega-Romero Mdel, M., Codina-

Jane, C., Calderon-Hernanz, B., & Sanchez-Sanchez, M. (2015). 

Accuracy in the Medication History and Reconciliation Errors in the 

Emergency Department. Medicina Clínica, 145(7), 288-293.  

FitzGerald, R. J. (2009). Medication Errors: The Importance of an Accurate drug 

History. British Journal of Clinical Pharmacology, 67(6), 671-675.  

Frei, P., Huber, L. C., Simon, R. W., Bonani, M., & Luscher, T. F. (2009). 

Insufficient Medication Documentation at Hospital Admission of Cardiac 

Patients: A Challenge for Medication Reconciliation. Journal of 

Cardiovascular Pharmacology, 54(6), 497-501.  

Grissinger, M. (2010). The Five Rights: A Destination Without a Map. Pharmacy 

and Therapeutics, 35(10), 542-542.  

Gulliford, M., Naithani, S., & Morgan, M. (2006). What is ‘Continuity of Care'? 

Journal of Health Services Research & Policy, 11(4), 248-250.  

Guthrie, B., Saultz, J. W., Freeman, G. K., & Haggerty, J. L. (2008). Continuity of 

Care Matters. British Medical Journal, 337, a867.  

Guthrie, B., & Wyke, S. (2000). Does Continuity in General Practice Really 

Matter? British Medical Journal, 321(7263), 734-736.  

Haggerty, J. L., Reid, R. J., Freeman, G. K., Starfield, B. H., Adair, C. E., & 

McKendry, R. (2003). Continuity of Care: A Multidisciplinary Review. 

British Medical Journal, 327(7425), 1219-1221.  



 48 

Hansen, R. N., Campbell, J. D., & Sullivan, S. D. (2009). Association Between 

Antiepileptic Drug Switching and Epilepsy-Related Events. Epilepsy & 

Behavior, 15(4), 481-485.  

Hawksworth, G. M., & Chrystyn, H. (1998). Clinical Pharmacy in Primary Care. 

British Journal of Clinical Pharmacology, 46(5), 415-420.  

Hellstrom, L. M., Bondesson, A., Hoglund, P., & Eriksson, T. (2012). Errors in 

Medication History at Hospital Admission: Prevalence and Predicting 

Factors. BMC Clinical Pharmacology, 12, 9.  

Hennessey, J. V., Malabanan, A. O., Haugen, B. R., & Levy, E. G. (2010). 

Adverse Event Reporting in Patients Treated with Levothyroxine: Results 

of the Pharmacovigilance Task Force Survey of the American Thyroid 

Association, American Association of Clinical Endocrinologists, and the 

Endocrine Society. Endocrine Practice, 16(3), 357-370.  

Hepler, C. D. (2004). Clinical Pharmacy, Pharmaceutical Care, and the Quality of 

Drug Therapy. Pharmacotherapy, 24(11), 1491-1498.  

Hepler, C. D., & Strand, L. M. (1990). Opportunities and Responsibilities in 

Pharmaceutical Care. American Journal of Hospital Pharmacy, 47(3), 533-

543.  

Holkmann Olsen, C., Mocroft, A., Kirk, O., Vella, S., Blaxhult, A., Clumeck, N., . . . 

Lundgren, J. D. (2007). Interruption of Combination Antiretroviral Therapy 

and Risk of Clinical Disease Progression to AIDS or Death. HIV Medicine, 

8(2), 96-104.  

Karapinar-Carkit, F., Borgsteede, S. D., Zoer, J., Smit, H. J., Egberts, A. C., & 

van den Bemt, P. M. (2009). Effect of Medication Reconciliation With and 

Without Patient Counseling on the Number of Pharmaceutical 

Interventions Among Patients Discharged from the Hospital. Annals of 

Pharmacotherapy, 43(6), 1001-1010.  

Kaushal, R., Bates, D. W., Landrigan, C., McKenna, K. J., Clapp, M. D., Federico, 

F., & Goldmann, D. A. (2001). Medication Errors and Adverse Drug Events 

in Pediatric Inpatients. Journal of the American Medical Association, 

285(16), 2114-2120.  



 49 

Kristjansson, E., Hogg, W., Dahrouge, S., Tuna, M., Mayo-Bruinsma, L., & 

Gebremichael, G. (2013). Predictors of Relational Continuity in Primary 

Care: Patient, Provider and Practice Factors. BMC Family Practice, 14(1), 

72.  

Kwan*, J. L., Lo*, L., Sampson, M., & Shojania, K. G. (2013). Medication 

Reconciliation During Transitions of Care as a Patient Safety Strategy: A 

Systematic Review. Annals of Internal Medicine, 158(5_Part_2), 397-403.  

Leonard, M. S. (2010). Patient Safety and Quality Improvement: Medical Errors 

and Adverse Events. Pediatrics in Review, 31(4), 151-158.  

Lo, L., Kwan, J., Fernandes, O. A., & Shojania, K. G. (2013). Medication 

Reconciliation Supported by Clinical Pharmacists (NEW): Rockville (MD): 

Agency for Healthcare Research and Quality (US). 

McCormick, J. (1996). Death of the Personal Doctor. Lancet, 348(9028), 667-

668.  

McCormick, J. S. (1976). The Personal Doctor 1975. The Journal of the Royal 

College of General Practitioners, 26(171), 750.  

Medina-Mirapeix, F., Oliveira-Sousa, S. L., Sobral-Ferreira, M., Montilla-

Herrador, J., Jimeno-Serrano, F. J., & Escolar-Reina, P. (2013). What 

Elements of the Informational, Management, and Relational Continuity are 

Associated with Patient Satisfaction with Rehabilitation Care and Global 

Rating Change? Archives of Physical Medicine and Rehabilitation, 94(11), 

2248-2254.  

Meguerditchian, A. N., Krotneva, S., Reidel, K., Huang, A., & Tamblyn, R. (2013). 

Medication Reconciliation at Admission and Discharge: A Time and Motion 

Study. BMC Health Services Research, 13(1), 485.  

Moore, C., Wisnivesky, J., Williams, S., & McGinn, T. (2003). Medical Errors 

Related to Discontinuity of Care from an Inpatient to an Outpatient Setting. 

Journal of General Internal Medicine, 18(8), 646-651.  

Morimoto, T., Gandhi, T. K., Seger, A. C., Hsieh, T. C., & Bates, D. W. (2004). 

Adverse Drug Events and Medication Errors: Detection and Classification 

Methods. British Medical Journal Quality and Safety, 13(4), 306-314.  



 50 

Mueller, S. K., Sponsler, K. C., Kripalani, S., & Schnipper, J. L. (2012). Hospital-

Based Medication Reconciliation Practices: A Systematic Review. 

Archives of Internal Medicine, 172(14), 1057-1069.  

Naylor, M., & Keating, S. A. (2008). Transitional Care: Moving Patients from One 

Care Setting to Another. The American Journal of Nursing, 108(9 Suppl), 

58-63.  

Pieters, J. (2016). Prescription Drug Shortages Plaguing Netherlands. NL Times.  

Porcelli, P. J., Waitman, L. R., & Brown, S. H. (2010). A Review of Medication 

Reconciliation Issues and Experiences with Clinical Staff and Information 

Systems. Applied Clinical Informatics, 1(4), 442-461.  

Reid, R., Haggerty, J., & McKendry, R. (2002). Defusing the Confusion: Concepts 

and Measures of Continuity of Healthcare. Ottawa: Canadian Health 

Services Research Foundation. 

Rose, A. J., Fischer, S. H., & Paasche-Orlow, M. K. (2017). Beyond Medication 

Reconciliation: The Correct Medication List. Journal of the American 

Medical Association.  

Sanchez, S. H., Sethi, S. S., Santos, S. L., & Boockvar, K. (2014). Implementing 

Medication Reconciliation from the Planner's Perspective: A Qualitative 

Study. BMC Health Services Research, 14, 290.  

Saultz, J. W. (2003). Defining and Measuring Interpersonal Continuity of Care. 

Annals of Family Medicine, 1(3), 134-143.  

Schnipper, J. L., Hamann, C., Ndumele, C. D., Liang, C. L., Carty, M. G., Karson, 

A. S., . . . Gandhi, T. K. (2009). Effect of an Electronic Medication 

Reconciliation Application and Process Redesign on Potential Adverse 

Drug Events: A Cluster-Randomized Trial. Archives of Internal Medicine, 

169(8), 771-780.  

Shin, D. W., Cho, J., Yang, H. K., Park, J. H., Lee, H., Kim, H., . . . Guallar, E. 

(2014). Impact of Continuity of Care on Mortality and Health Care Costs: 

A Nationwide Cohort Study in Korea. Annals of Family Medicine, 12(6), 

534-541.  

Shiu, J. R., Fradette, M., Padwal, R. S., Majumdar, S. R., Youngson, E., Bakal, 

J. A., & McAlister, F. A. (2016). Medication Discrepancies Associated With 



 51 

a Medication Reconciliation Program and Clinical Outcomes After Hospital 

Discharge. Pharmacotherapy, 36(4), 415-421.  

Stokes, T., Tarrant, C., Mainous, A. G., 3rd, Schers, H., Freeman, G., & Baker, 

R. (2005). Continuity of Care: Is the Personal Doctor Still Important? A 

survey of General Practitioners and Family Physicians in England and 

Wales, the United States, and The Netherlands. Annals of Family 

Medicine, 3(4), 353-359.  

Stuffken, R., & Egberts, T. C. G. (2004). Discontinuities in Drug Use Upon 

Hospital Discharge. Pharmacy World and Science, 26(5), 268-270.  

ten Berg, M. J., Huisman, A., van den Bemt, P. M., Schobben, A. F., Egberts, A. 

C., & van Solinge, W. W. (2007). Linking Laboratory and Medication Data: 

New Opportunities for Pharmacoepidemiological Research. Clinical 

Chemistry and Laboratory Medicine, 45(1), 13-19.  

Tumkur, A., Muragundi, P. M., Shetty, R., & Naik, A. (2012). Pharmaceutical 

Care: Need of the Hour in India. Journal of Young Pharmacists 4(4), 282-

286.  

van de Ven, W. P., & Schut, F. T. (2008). Universal Mandatory Health Insurance 

in the Netherlands: A Model for the United States? Health Affairs, 27(3), 

771-781.  

van Dijk, S. M., Gardarsdottir, H., Wassenberg, M. W., Oosterheert, J. J., de 

Groot, M. C., & Rockmann, H. (2016). The High Impact of Penicillin Allergy 

Registration in Hospitalized Patients. Journal of Allergy and Clinical 

Immunology: In Practice, 4(5), 926-931.  

van Sluisveld, N., Zegers, M., Natsch, S., & Wollersheim, H. (2012). Medication 

Reconciliation at Hospital Admission and Discharge: Insufficient 

knowledge, Unclear Task Reallocation and Lack of Collaboration as Major 

Barriers to Medication Safety. BMC Health Services Research, 12, 170.  

Velo, G. P., & Minuz, P. (2009). Medication Errors: Prescribing Faults and 

Prescription Errors. British Journal of Clinical Pharmacology, 67(6), 624-

628.  

WHO Collaborating Centre for Drug Statistics Methodology. (2016a). ATC/DDD 

Index 2017. Retrieved from https://www.whocc.no/atc_ddd_index/ 



 52 

WHO Collaborating Centre for Drug Statistics Methodology. (2016b). Guidelines 

for ATC Classification and DDD Assignment 2017. Retrieved from 
https://www.whocc.no/filearchive/publications/2017_guidelines_web.pdf 



 A 

9 APPENDICES 
 
9.1 Appendix A 
 

The following is the code that was used in SAS to obtain the results: 

 
LIBNAME mydata '/folders/myfolders/'; 
  
DATA mydata.patterns; 
SET '/folders/myfolders/patterns_27mar2017.sas7bdat'; 
RUN; 
  
/*****PREPROCESSING START*****/ 
 
DATA mydata.all_pat; 
SET mydata.patterns; 
IF hos_days>=2 THEN OUTPUT; 
RUN; 
  
DATA mydata.all_pat; 
SET mydata.all_pat; 
IF hos_idnum NOT eq . THEN OUTPUT; 
RUN; 
  
DATA mydata.all_pat; 
SET mydata.all_pat; 
IF hos_start_year NOT eq 2011 THEN OUTPUT; 
RUN; 
  
DATA mydata.all_pat; 
SET mydata.all_pat; 
FORMAT discontinuity switch continuity total_pattern; 
RETAIN discontinuity 0 switch 0 continuity 0 total_patterns 0; 
RUN; 
  
PROC SQL; 
CREATE TABLE patients_d AS 
SELECT hos_idnum, count (pattern) AS pattern2 
FROM mydata.all_pat 
WHERE pattern = 'Stopper' 
GROUP BY hos_idnum; 
QUIT; 
  
PROC SQL; 
UPDATE mydata.all_pat s 
SET discontinuity = (SELECT pattern2 FROM patients_d u 
WHERE u.hos_idnum = s.hos_idnum) 
WHERE hos_idnum IN (SELECT hos_idnum FROM patients_d u); 
QUIT; 
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PROC SQL; 
CREATE TABLE patients_s AS 
SELECT hos_idnum, count (pattern) AS pattern2 
FROM mydata.all_pat 
WHERE pattern = 'Switcher' 
GROUP BY hos_idnum; 
QUIT; 
  
PROC SQL; 
UPDATE mydata.all_pat s 
SET switch = (SELECT pattern2 FROM patients_s u 
WHERE u.hos_idnum = s.hos_idnum) 
WHERE hos_idnum IN (SELECT hos_idnum FROM patients_s u); 
QUIT; 
  
PROC SQL; 
CREATE TABLE patients_c AS 
SELECT hos_idnum, count (pattern) AS pattern2 
FROM mydata.all_pat 
WHERE pattern = 'Continuer' 
GROUP BY hos_idnum; 
QUIT; 
  
PROC SQL; 
UPDATE mydata.all_pat s 
SET continuity = (SELECT pattern2 FROM patients_c u 
WHERE u.hos_idnum = s.hos_idnum) 
WHERE hos_idnum IN (SELECT hos_idnum FROM patients_c u); 
QUIT; 
  
PROC SQL; 
UPDATE mydata.all_pat s 
SET total_patterns = SUM(discontinuity, switch, continuity); 
QUIT; 
  
PROC SQL; 
UPDATE mydata.all_pat s 
SET total_patterns = 111 WHERE discontinuity>0; 
QUIT; 
  
PROC SQL; 
UPDATE mydata.all_pat s 
SET total_patterns = 222 WHERE discontinuity=0 AND switch>0; 
QUIT; 
  
PROC SQL; 
UPDATE mydata.all_pat s 
SET total_patterns = 333 WHERE discontinuity=0 AND switch=0 AND continuity>0; 
QUIT; 
  
DATA mydata.all_pat; 
SET mydata.all_pat; 
ARRAY change _NUMERIC_; 
DO OVER change; 
IF change=. THEN change=999; 
END; 
RUN; 
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DATA mydata.gma; 
SET mydata.all_pat; 
IF case_status=1 THEN OUTPUT; 
RUN; 
  
DATA mydata.no_gma; 
SET mydata.all_pat; 
IF case_status=2 THEN OUTPUT; 
RUN; 
 
/*****PREPROCESSING END*****/ 
 
 *%LET mydataset=mydata.all_pat; 
*%LET mydataset=mydata.gma; 
*%LET mydataset=mydata.no_gma; 
  
/*****CHARACTERISTICS START*****/ 
PROC SQL; 
CREATE TABLE patients01 AS 
SELECT count(DISTINCT hos_idnum) AS num_patients 
FROM &mydataset; 
QUIT; 
  
/*Gender*/ 
PROC SQL; 
CREATE TABLE patients02 AS 
SELECT DISTINCT hos_idnum, gender 
FROM &mydataset; 
QUIT; 
  
ODS PATH (PREPEND) work.template(UPDATE); 
PROC TEMPLATE; 
DEFINE TABLE base.freq.onewayfreqs; 
PARENT = base.freq.onewaylist; 
COLUMN line fvariable flistvariable variable frequency testfrequency percent testpercent 
cumfrequency cumpercent; 
DEFINE percent; 
FORMAT=8.1; 
END; 
END; 
RUN; 
  
PROC FREQ DATA=patients02; 
TABLES gender; 
RUN; 
  
/*Age*/ 
PROC SQL; 
CREATE TABLE patients03 AS 
SELECT DISTINCT hos_idnum, age 
FROM &mydataset; 
QUIT; 
  
DATA patients04; 
SET patients03; 
IF age <45 THEN age_group=1; 
ELSE IF age >=45 AND age <68 THEN age_group=2; 
ELSE IF age >=68 THEN age_group=3; 
RUN; 
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PROC MEANS DATA=patients04 N NMISS MIN MEAN MEDIAN MAX STD; 
VAR age; 
RUN; 
  
PROC FREQ DATA=patients04; 
TABLES age_group; 
RUN; 
  
/*Admission year*/ 
PROC SQL; 
CREATE TABLE patients05 AS 
SELECT DISTINCT hos_idnum, hos_start_year 
FROM &mydataset; 
QUIT; 
  
PROC FREQ DATA=patients05; 
TABLES hos_start_year; 
RUN; 
  
/*Department of admission*/ 
PROC SQL; 
CREATE TABLE patients06 AS 
SELECT DISTINCT hos_idnum, hos_dep_start 
FROM &mydataset; 
QUIT; 
  
DATA patients07; 
SET patients06; 
IF hos_dep_start IN('A300', 'A301','A308', 'A330', 'O733', 'A303', 'A304', 'A307', 'A321', 'A770', 'A320',
 'MXT', 'A302', 'A311', 'A730', 'A312', 'A395', 'A740', 'A751','A712','AMBU', 'A762', 'A780', 'A799', 'A72
3') THEN afd=1; /*Internal medicine*/ 
IF hos_dep_start IN('C301', 'C303', 'MHM4', 'C302', 'C306', 'G301', 'E310', 'E330', 'F320', 'MHVD') T
HEN afd=2; /*Surgery*/ 
IF hos_dep_start IN('D360', 'D361', 'D340', 'D370', 'D350', 'D380', 'D351', 'MHVP', 'H315', 'H316', 'H3
17', 'H517','H318', 'H319', 'H515', 'H518', 'H310') THEN afd=3; /*Neurology*/ 
IF hos_dep_start IN('B310', 'B330', 'B430', 'B340', 'B410', 'B712') THEN afd=4; /*Cardiology and 
respiratory*/ 
IF hos_dep_start IN('I320', 'I330', 'I340', 'I360', 'I510', 'I520', 'Z350', 'F312', 'F343', 'F342', 'F311', '4B3
0', '4B31', 'F310', 'F710', 'I325', 'I410', 'I420') THEN afd=5; /*Pediatrics*/ 
IF afd=. THEN afd=6; /*Other*/ 
  
PROC FREQ DATA=patients07; 
TABLES afd; 
RUN; 
  
/*Duration of hospitalization*/ 
PROC SQL; 
CREATE TABLE patients08 AS 
SELECT DISTINCT hos_idnum, hos_days 
FROM &mydataset; 
QUIT; 
  
PROC MEANS DATA=patients08 N NMISS MIN MEAN MEDIAN MAX STD; 
VAR hos_days; 
RUN; 
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DATA patients09; 
SET patients08; 
IF hos_days <=3 THEN hos_duration_group=1; 
ELSE IF hos_days >3 AND hos_days <=7 THEN hos_duration_group=2; 
ELSE IF hos_days >7 THEN hos_duration_group=3; 
RUN; 
PROC FREQ DATA=patients09; 
TABLES hos_duration_group; 
RUN; 
  
/*Medications prior to admission*/ 
PROC SQL; 
CREATE TABLE patients10 AS 
SELECT count(DISTINCT ATC) AS num_medications, hos_idnum 
FROM &mydataset 
GROUP BY hos_idnum; 
QUIT; 
DATA patients11; 
SET patients10; 
IF num_medications <=3 THEN medications=1; 
ELSE IF num_medications >3 AND num_medications <8 THEN medications=2; 
ELSE IF num_medications >=8 THEN medications=3; 
RUN; 
  
PROC FREQ DATA=patients11; 
TABLES medications; 
RUN; 
 
/*****CHARACTERISTICS END*****/ 
  
*%LET mydataset=mydata.all_pat; 
*%LET mydataset=mydata.gma; 
*%LET mydataset=mydata.no_gma; 
  
*%LET wherestatement=discontinuity=0 AND switch=0 AND continuity>0; 
*%LET wherestatement=discontinuity=0 AND switch>0; 
*%LET wherestatement=discontinuity>0; 
  
*%LET pattern=continuity; 
*%LET pattern=switch; 
*%LET pattern=discontinuity; 
  
/*****CONTINUITY START*****/ 
 
/*Gender*/ 
PROC SQL; 
CREATE TABLE patients12 AS 
SELECT count(DISTINCT hos_idnum) AS nr_hos, gender 
FROM patients02 
GROUP BY gender; 
QUIT; 
  
PROC SQL; 
CREATE TABLE patients13 AS 
SELECT DISTINCT hos_idnum, &pattern, gender 
FROM &mydataset 
WHERE &wherestatement; 
QUIT; 
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PROC SQL; 
CREATE TABLE patients14 AS 
SELECT count(&pattern) AS NUMBER, gender 
FROM patients13 
GROUP BY gender; 
QUIT; 
  
DATA patients15; 
SET patients14; 
FORMAT percentage; 
RETAIN percentage 0.0; 
RUN; 
  
PROC SQL; 
UPDATE patients15 s 
SET percentage = NUMBER/(SELECT nr_hos FROM patients12 WHERE gender='F')*100 
WHERE gender='F'; 
QUIT; 
  
PROC SQL; 
UPDATE patients15 s 
SET percentage = NUMBER/(SELECT nr_hos FROM patients12 WHERE gender='M')*100 
WHERE gender='M'; 
QUIT; 
  
/*Age*/ 
PROC SQL; 
CREATE TABLE patients16 AS 
SELECT count(DISTINCT hos_idnum) AS nr_hos, age_group 
FROM patients04 
GROUP BY age_group; 
QUIT; 
  
PROC SQL; 
CREATE TABLE patients17 AS 
SELECT DISTINCT hos_idnum, &pattern, age 
FROM &mydataset 
WHERE &wherestatement; 
QUIT; 
  
DATA patients18; 
SET patients17; 
IF age <45 THEN age_group=1; 
ELSE IF age >=45 AND age <68 THEN age_group=2; 
ELSE IF age >=68 THEN age_group=3; 
RUN; 
  
PROC SQL; 
CREATE TABLE patients19 AS 
SELECT count(&pattern) AS NUMBER, age_group 
FROM patients18 
GROUP BY age_group; 
QUIT; 
  
DATA patients20; 
SET patients19; 
FORMAT percentage; 
RETAIN percentage 0.0; 
RUN; 
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PROC SQL; 
UPDATE patients20 
SET percentage = NUMBER/(SELECT nr_hos FROM patients16 WHERE age_group=1)*100 
WHERE age_group=1; 
QUIT; 
  
 
PROC SQL; 
UPDATE patients20 
SET percentage = NUMBER/(SELECT nr_hos FROM patients16 WHERE age_group=2)*100 
WHERE age_group=2; 
QUIT; 
  
PROC SQL; 
UPDATE patients20 
SET percentage = NUMBER/(SELECT nr_hos FROM patients16 WHERE age_group=3)*100 
WHERE age_group=3; 
QUIT; 
  
/*Admission year*/ 
PROC SQL; 
CREATE TABLE patients21 AS 
SELECT count(DISTINCT hos_idnum) AS nr_hos, hos_start_year 
FROM patients05 
GROUP BY hos_start_year; 
QUIT; 
  
PROC SQL; 
CREATE TABLE patients22 AS 
SELECT DISTINCT hos_idnum, hos_start_year, &pattern 
FROM &mydataset 
WHERE &wherestatement; 
QUIT; 
  
PROC SQL; 
CREATE TABLE patients23 AS 
SELECT count(&pattern) AS NUMBER, hos_start_year 
FROM patients22 
GROUP BY hos_start_year; 
QUIT; 
  
DATA patients24; 
SET patients23; 
FORMAT percentage; 
RETAIN percentage 0.0; 
RUN; 
  
PROC SQL; 
UPDATE patients24 
SET percentage = NUMBER/(SELECT nr_hos FROM patients21 WHERE hos_start_year=2012)*100 
WHERE hos_start_year=2012; 
QUIT; 
  
PROC SQL; 
UPDATE patients24 
SET percentage = NUMBER/(SELECT nr_hos FROM patients21 WHERE hos_start_year=2013)*100 
WHERE hos_start_year=2013; 
QUIT; 
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PROC SQL; 
UPDATE patients24 
SET percentage = NUMBER/(SELECT nr_hos FROM patients21 WHERE hos_start_year=2014)*100 
WHERE hos_start_year=2014; 
QUIT; 
  
PROC SQL; 
UPDATE patients24 
SET percentage = NUMBER/(SELECT nr_hos FROM patients21 WHERE hos_start_year=2015)*100 
WHERE hos_start_year=2015; 
QUIT; 
 
/*Department of admission*/ 
PROC SQL; 
CREATE TABLE patients25 AS 
SELECT count(DISTINCT hos_idnum) AS nr_hos, afd 
FROM patients07 
GROUP BY afd; 
QUIT; 
  
PROC SQL; 
CREATE TABLE patients26 AS 
SELECT DISTINCT hos_idnum, hos_dep_start, &pattern 
FROM &mydataset 
WHERE &wherestatement; 
QUIT; 
  
DATA patients27; 
SET patients26; 
IF hos_dep_start IN('A300', 'A301','A308', 'A330', 'O733', 'A303', 'A304', 'A307', 'A321', 'A770', 'A320',
 'MXT', 'A302', 'A311', 'A730', 'A312', 'A395', 'A740', 'A751','A712','AMBU', 'A762', 'A780', 'A799', 'A72
3') THEN afd=1; /*Internal medicine*/ 
IF hos_dep_start IN('C301', 'C303', 'MHM4', 'C302', 'C306', 'G301', 'E310', 'E330', 'F320', 'MHVD') T
HEN afd=2; /*Surgery*/ 
IF hos_dep_start IN('D360', 'D361', 'D340', 'D370', 'D350', 'D380', 'D351', 'MHVP', 'H315', 'H316', 'H3
17', 'H517','H318', 'H319', 'H515', 'H518', 'H310') THEN afd=3; /*Neurology*/ 
IF hos_dep_start IN('B310', 'B330', 'B430', 'B340', 'B410', 'B712') THEN afd=4; /*Cardiology and 
respiratory*/ 
IF hos_dep_start IN('I320', 'I330', 'I340', 'I360', 'I510', 'I520', 'Z350', 'F312', 'F343', 'F342', 'F311', '4B3
0', '4B31', 'F310', 'F710', 'I325', 'I410', 'I420') THEN afd=5; /*Pediatrics*/ 
IF afd=. THEN afd=6; /*Other*/ 
  
PROC SQL; 
CREATE TABLE patients28 AS 
SELECT count(&pattern) AS NUMBER, afd 
FROM patients27 
GROUP BY afd; 
QUIT; 
  
DATA patients29; 
SET patients28; 
FORMAT percentage; 
RETAIN percentage 0.0; 
RUN; 
  
PROC SQL; 
UPDATE patients29 
SET percentage = NUMBER/(SELECT nr_hos FROM patients25 WHERE afd=1)*100 
WHERE afd=1; 
QUIT; 
  



 I 

PROC SQL; 
UPDATE patients29 
SET percentage = NUMBER/(SELECT nr_hos FROM patients25 WHERE afd=2)*100 
WHERE afd=2; 
QUIT; 
  
 
PROC SQL; 
UPDATE patients29 
SET percentage = NUMBER/(SELECT nr_hos FROM patients25 WHERE afd=3)*100 
WHERE afd=3; 
QUIT; 
  
PROC SQL; 
UPDATE patients29 
SET percentage = NUMBER/(SELECT nr_hos FROM patients25 WHERE afd=4)*100 
WHERE afd=4; 
QUIT; 
  
PROC SQL; 
UPDATE patients29 
SET percentage = NUMBER/(SELECT nr_hos FROM patients25 WHERE afd=5)*100 
WHERE afd=5; 
QUIT; 
  
PROC SQL; 
UPDATE patients29 
SET percentage = NUMBER/(SELECT nr_hos FROM patients25 WHERE afd=6)*100 
WHERE afd=6; 
QUIT; 
  
/*Duration of hospitalization*/ 
PROC SQL; 
CREATE TABLE patients30 AS 
SELECT count(DISTINCT hos_idnum) AS nr_hos, hos_duration_group 
FROM patients09 
GROUP BY hos_duration_group; 
QUIT; 
  
PROC SQL; 
CREATE TABLE patients31 AS 
SELECT DISTINCT hos_idnum, hos_days, &pattern 
FROM &mydataset 
WHERE &wherestatement; 
QUIT; 
  
DATA patients32; 
SET patients31; 
IF hos_days >=2 AND hos_days <=3 THEN hos_duration_group=1; 
ELSE IF hos_days >3 AND hos_days <=7 THEN hos_duration_group=2; 
ELSE IF hos_days >7 THEN hos_duration_group=3; 
RUN; 
  
PROC SQL; 
CREATE TABLE patients33 AS 
SELECT count(&pattern) AS NUMBER, hos_duration_group 
FROM patients32 
GROUP BY hos_duration_group; 
QUIT; 
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DATA patients34; 
SET patients33; 
FORMAT percentage; 
RETAIN percentage 0.0; 
RUN; 
 
PROC SQL; 
UPDATE patients34 
SET percentage = NUMBER/(SELECT nr_hos FROM 
patients30 WHERE hos_duration_group=1)*100 
WHERE hos_duration_group=1; 
QUIT; 
  
PROC SQL; 
UPDATE patients34 
SET percentage = NUMBER/(SELECT nr_hos FROM 
patients30 WHERE hos_duration_group=2)*100 
WHERE hos_duration_group=2; 
QUIT; 
  
PROC SQL; 
UPDATE patients34 
SET percentage = NUMBER/(SELECT nr_hos FROM 
patients30 WHERE hos_duration_group=3)*100 
WHERE hos_duration_group=3; 
QUIT; 
  
/*Medications prior to admission*/ 
PROC SQL; 
CREATE TABLE patients35 AS 
SELECT count(DISTINCT hos_idnum) AS nr_hos, medications 
FROM patients11 
GROUP BY medications; 
QUIT; 
  
PROC SQL; 
CREATE TABLE patients36 AS 
SELECT DISTINCT hos_idnum, count(DISTINCT ATC) AS num_medications, &pattern 
FROM &mydataset 
WHERE &wherestatement 
GROUP BY hos_idnum; 
QUIT; 
  
DATA patients37; 
SET patients36; 
IF num_medications <=3 THEN medications=1; 
ELSE IF num_medications >3 AND num_medications <8 THEN medications=2; 
ELSE IF num_medications >=8 THEN medications=3; 
RUN; 
  
PROC SQL; 
CREATE TABLE patients38 AS 
SELECT count(&pattern) AS NUMBER, medications 
FROM patients37 
GROUP BY medications; 
QUIT; 
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DATA patients39; 
SET patients38; 
FORMAT percentage; 
RETAIN percentage 0.0; 
RUN; 
  
PROC SQL; 
UPDATE patients39 
SET percentage = NUMBER/(SELECT nr_hos FROM patients35 WHERE medications=1)*100 
WHERE medications=1; 
QUIT; 
  
 
PROC SQL; 
UPDATE patients39 
SET percentage = NUMBER/(SELECT nr_hos FROM patients35 WHERE medications=2)*100 
WHERE medications=2; 
QUIT; 
  
PROC SQL; 
UPDATE patients39 
SET percentage = NUMBER/(SELECT nr_hos FROM patients35 WHERE medications=3)*100 
WHERE medications=3; 
QUIT; 
 
/*****CONTINUITY END*****/ 
  
*%LET mydataset=mydata.all_pat; 
*%LET mydataset=mydata.gma; 
*%LET mydataset=mydata.no_gma; 
  
*%LET wherestatement=pattern='Continuer'; 
*%LET wherestatement=pattern='Switcher'; 
*%LET wherestatement=pattern='Stopper'; 
  
/*****MEDICATIONS START*****/ 
  
/*ATC codes prior to admission*/ 
PROC SQL; 
CREATE TABLE patients40 AS 
SELECT DISTINCT hos_idnum, ATC 
FROM &mydataset 
WHERE &wherestatement; 
QUIT; 
  
PROC FREQ DATA=patients40 ORDER=freq ; 
TABLES ATC; 
RUN; 
  
/*Medication classes prior to admission*/ 
PROC SQL; 
CREATE TABLE patients41 AS 
SELECT SUM(nr_atc) AS NUMBER, 'Cardiovascular medications' AS MEDICATION_CLASS FROM ( 
SELECT atc, count(ATC) AS nr_atc 
FROM &mydataset 
WHERE &wherestatement AND (atc LIKE 'B01%' OR atc LIKE 'B02%' OR atc LIKE 'C01%' OR atc 
LIKE 'C02%' OR atc LIKE 'C03%' OR atc LIKE 'C04%' OR atc LIKE 'C05%' OR atc LIKE 'C06%' OR 
atc LIKE 'C07%' OR atc LIKE 'C08%' OR atc LIKE 'C09%') 
GROUP BY atc) 
UNION 
SELECT SUM(nr_atc), 'Antifungals and antibiotics' FROM ( 
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SELECT atc, count(ATC) AS nr_atc 
FROM &mydataset 
WHERE &wherestatement AND (atc LIKE 'J01A%' OR atc LIKE 'J01C%' OR atc LIKE 'J01E%' OR 
atc LIKE 'J01F%' OR atc LIKE 'J01M%' OR atc LIKE 'J01X%' OR atc LIKE 'J02A%') 
GROUP BY atc) 
UNION 
SELECT SUM(nr_atc), 'Acid- and bowel-related medications' FROM ( 
SELECT atc, count(ATC) AS nr_atc 
FROM &mydataset 
WHERE &wherestatement AND (atc LIKE 'A02%' OR atc LIKE 'A03%') 
GROUP BY atc) 
UNION 
SELECT SUM(nr_atc), 'Analgesics and antirheumatic agents' FROM ( 
SELECT atc, count(ATC) AS nr_atc 
FROM &mydataset 
WHERE &wherestatement AND (atc LIKE 'N02A%' OR atc LIKE 'N02B%' OR atc LIKE 'M01%') 
GROUP BY atc) 
UNION 
SELECT SUM(nr_atc), 'Psychiatric medications' FROM ( 
SELECT atc, count(ATC) AS nr_atc 
FROM &mydataset 
WHERE &wherestatement AND (atc LIKE 'N03%' OR atc LIKE 'N04%' OR atc LIKE 'N05%' OR atc 
LIKE 'N06%') 
GROUP BY atc) 
UNION 
SELECT SUM(nr_atc), 'Laxatives' FROM ( 
SELECT atc, count(ATC) AS nr_atc 
FROM &mydataset 
WHERE &wherestatement AND atc LIKE 'A06%' 
GROUP BY atc) 
UNION 
SELECT SUM(nr_atc), 'Antidiabetics' FROM ( 
SELECT atc, count(ATC) AS nr_atc 
FROM &mydataset 
WHERE &wherestatement AND atc LIKE 'A10%' 
GROUP BY atc) 
UNION 
SELECT SUM(nr_atc), 'Lipid-lowering medications' FROM ( 
SELECT atc, count(ATC) AS nr_atc 
FROM &mydataset 
WHERE &wherestatement AND atc LIKE 'C10%' 
GROUP BY atc) 
UNION 
SELECT SUM(nr_atc), 'Asthma and COPD medications' FROM ( 
SELECT atc, count(ATC) AS nr_atc 
FROM &mydataset 
WHERE &wherestatement AND atc LIKE 'R03%' 
GROUP BY atc) 
UNION 
SELECT SUM(nr_atc), 'Antihistamines' FROM ( 
SELECT atc, count(ATC) AS nr_atc 
FROM &mydataset 
WHERE &wherestatement AND atc LIKE 'R06%' 
GROUP BY atc) 
UNION 
SELECT SUM (nr_atc), 'Systemic hormones, excluding sex hormones and insulins' FROM ( 
SELECT atc, count(ATC) AS nr_atc 
FROM &mydataset 
WHERE &wherestatement AND atc LIKE 'H%' 
GROUP BY atc) 
UNION 
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SELECT SUM (nr_atc), 'Vitamins' FROM ( 
SELECT atc, count(ATC) AS nr_atc 
FROM &mydataset 
WHERE &wherestatement AND atc LIKE 'A11%' 
GROUP BY atc) 
UNION 
SELECT SUM (nr_atc), 'Dermatologicals' FROM ( 
SELECT atc, count(ATC) AS nr_atc 
FROM &mydataset 
WHERE &wherestatement AND atc LIKE 'D%' 
GROUP BY atc) 
UNION 
SELECT SUM (nr_atc), 'Genitourinary medications' FROM ( 
SELECT atc, count(ATC) AS nr_atc 
FROM &mydataset 
WHERE &wherestatement AND atc LIKE 'G04%' 
GROUP BY atc) 
UNION 
SELECT SUM (nr_atc), 'Sex hormones' FROM ( 
SELECT atc, count(ATC) AS nr_atc 
FROM &mydataset 
WHERE &wherestatement AND (atc LIKE 'G03%' OR atc LIKE 'G02B%') 
GROUP BY atc) 
UNION 
SELECT SUM (nr_atc), 'Sensory medications' FROM ( 
SELECT atc, count(ATC) AS nr_atc 
FROM &mydataset 
WHERE &wherestatement AND atc LIKE 'S%' 
GROUP BY atc) 
ORDER BY NUMBER DESC; 
QUIT; 
  
/* Clinically relevant medications*/ 
PROC SQL; 
CREATE TABLE patients43 AS 
SELECT SUM (nr_atc) AS NUMBER, 'Antithrombotic agents' AS MEDICATION_CLASS FROM ( 
SELECT atc, count(ATC) AS nr_atc 
FROM &mydataset 
WHERE &wherestatement AND atc LIKE 'B01%' AND hos_presc_diff<=0 
GROUP BY atc) 
UNION 
SELECT SUM (nr_atc) AS NUMBER, 'Epilepsy medications' AS MEDICATION_CLASS FROM ( 
SELECT atc, count(ATC) AS nr_atc 
FROM &mydataset 
WHERE &wherestatement AND atc LIKE 'N03%' AND hos_presc_diff<=0 
GROUP BY atc) 
UNION 
SELECT SUM (nr_atc) AS NUMBER, 'HIV medications' AS MEDICATION_CLASS FROM ( 
SELECT atc, count(ATC) AS nr_atc 
FROM &mydataset 
WHERE &wherestatement AND atc LIKE 'J05AR%' AND hos_presc_diff<=0 
GROUP BY atc) 
UNION 
SELECT SUM (nr_atc) AS NUMBER, 'Insulins' AS MEDICATION_CLASS FROM ( 
SELECT atc, count(ATC) AS nr_atc 
FROM &mydataset 
WHERE &wherestatement AND atc LIKE 'A10A%' AND hos_presc_diff<=0 
GROUP BY atc) 
UNION 
SELECT SUM (nr_atc) AS NUMBER, 'Thyroid medications' AS MEDICATION_CLASS FROM ( 
SELECT atc, count(ATC) AS nr_atc 



 N 

FROM &mydataset 
WHERE &wherestatement AND atc LIKE 'H03%' AND hos_presc_diff<=0 
GROUP BY atc) 
ORDER BY MEDICATION_CLASS; 
QUIT; 
 
 /*****MEDICATIONS END*****/ 
/*****STATISTICS START*****/ 
 
PROC SQL; 
CREATE TABLE patients47 AS 
SELECT DISTINCT hos_idnum, age, hos_dep_start, gender, total_patterns, case_status 
FROM mydata.all_pat; 
QUIT; 
  
DATA patients48; 
SET patients47; 
IF age <45 THEN age_group=1; 
ELSE IF age >=45 AND age <68 THEN age_group=2; 
ELSE IF age >=68 THEN age_group=3; 
RUN; 
  
PROC SQL; 
CREATE TABLE patients49 AS 
SELECT DISTINCT hos_idnum, age_group, hos_dep_start, gender, total_patterns, case_status 
FROM patients48; 
QUIT; 
  
DATA patients50; 
SET patients49; 
IF hos_dep_start IN('A300', 'A301','A308', 'A330', 'O733', 'A303', 'A304', 'A307', 'A321', 'A770', 'A320',
 'MXT', 'A302', 'A311', 'A730', 'A312', 'A395', 'A740', 'A751','A712','AMBU', 'A762', 'A780', 'A799', 'A72
3') THEN afd=1; /*Internal medicine*/ 
IF hos_dep_start IN('C301', 'C303', 'MHM4', 'C302', 'C306', 'G301', 'E310', 'E330', 'F320', 'MHVD') T
HEN afd=2; /*Surgery*/ 
IF hos_dep_start IN('D360', 'D361', 'D340', 'D370', 'D350', 'D380', 'D351', 'MHVP', 'H315', 'H316', 'H3
17', 'H517','H318', 'H319', 'H515', 'H518', 'H310') THEN afd=3; /*Neurology*/ 
IF hos_dep_start IN('B310', 'B330', 'B430', 'B340', 'B410', 'B712') THEN afd=4; /*Cardiology and 
respiratory*/ 
IF hos_dep_start IN('I320', 'I330', 'I340', 'I360', 'I510', 'I520', 'Z350', 'F312', 'F343', 'F342', 'F311', '4B3
0', '4B31', 'F310', 'F710', 'I325', 'I410', 'I420') THEN afd=5; /*Pediatrics*/ 
IF afd=. THEN afd=6; /*Other*/ 
  
/*Odds ratio*/ 
PROC LOGISTIC DATA=patients50; 
CLASS total_patterns / PARAM=glm; 
MODEL case_status(EVENT='2')=total_patterns / LINK=logit TECHNIQUE=fisher; 
RUN; 
  
/*Adjusted odds ratio*/ 
PROC LOGISTIC DATA=patients50; 
CLASS total_patterns gender / PARAM=glm; 
MODEL case_status(EVENT='2')=total_patterns age_group afd gender/ LINK=logit 
TECHNIQUE=fisher; 
RUN; 
 
/*****STATISTICS END*****/ 
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9.2 Appendix B 
 

The following are the medication classes and corresponding ATC codes that 

were used to obtain the results (Table B1 and Table B2) (WHO Collaborating 

Centre for Drug Statistics Methodology, 2016a). 

 
Table B1. Medication classes and corresponding ATC codes. 

Medication classes ATC code 

Acid- and bowel-related medications A02 and A03 

Analgesics and antirheumatic agents N02A, N02B, and M01 

Antidiabetics A10 

Antifungals and antibiotics J01A, J01C, J01E, J01F, J01M, J01X, and 
J02A 

Antihistamines R06 

Asthma and COPD medications R03 

Cardiovascular medications B01, B02, C01, C02, C03, C04, C05, C06, C07, 
C08, and C09 

Dermatologicals D01, D02, D03, D04, D05, D06, D07, D08, D09, 
D10, and D11 

Genitourinary medications G04 

Laxatives A06 

Lipid-lowering medications C10 

Psychiatric medications N03, N04, N05, and N06 

Sensory medications S01, S02, and S03 

Sex hormones G03 

Systemic hormones, excluding sex hormones 
and insulins H01, H02, H03, H04, and H05 

Vitamins A11 

Abbreviations: ATC, anatomical therapeutic chemical; COPD, chronic obstructive pulmonary disease. 
 

Table B2. Medication classes and corresponding ATC codes. 

Medication classes ATC code 

Antithrombotic agents B01 

Epilepsy medications N03 

HIV medications J05AR 

Insulins A10A 

Thyroid medications H03 

Abbreviations: ATC, anatomical therapeutic chemical; HIV, human immunodeficiency virus. 


